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Pitas EAL,’ 


A number of 2-alkoxy-5-substituted tetrahydrofurans and 
2-aryloxytetrahydrofurans have been prepared. The hydrogenolysis 
at room temperature in ether solution of these acetals with the 


species AICIH., fOr 1.) molar ratio of LiAlH, and A1C13) has 


4 
been examined and the relative amounts of exo and endo C-O bond 
cleavage have been measured. 

Miss L. Makhubu had previously found that all 2-alkoxy- 
tetrahydrofurans gave exclusively endo or ring cleavage apparently 
because of the strong electron donor ability of the ring oxygen. 
Substituents at C-5 of the C-2 alkoxy acetals have been found to 
affect the direction of hydrogenolysis of the acetals. Alkyl groups 
at C-5 resulted in the formation of some exo cleavage product. 

The proportion of exo cleavage was found to increase as the size 

and electron donor ability of the alkyl group increased. An electron 
withdrawing group at C-5 resulted in predominantly endo cleavage. 
These results have been explained in terms of the inductive effect 

of the C-5 substituent upon the relative stabilities of the oxocarbonium 


ions from exo and endo cleavage. The C-5 substituents also 





exhibited a steric effect but it was of minor importance. 

The C-3 methoxy substituent had no effect upon the direction 
of hydrogenolysis of 2-methoxytetrahydrofuran since exclusively 
endo cleavage has been found for both the substituted and unsubstitut - 
ed acetals. The principal influence of the C-3 methoxy group was 


to retard very markedly the rate of reduction. This has been 
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attributed to the electron withdrawing effect of the C-3 substituent. 

The hydrogenolysis of all the 2-aryloxytetrahydrofurans 
was found to give exclusively exo cleavage. This has been 
attributed to a strong complex formation between the -7-electron 
system of the aryl ring and the aluminum species thus leading to 
cleavage of the exo C-O bond only. Polar and steric factors were 
considered to be unimportant. 

The acetal, 2-benzyloxytetrahydrofuran, was found to give 
increasingly larger amounts of exo cleavage product as the reducing 


species was changed from AlH, to AIH, Cl LO ALG. his bas 


% 


been attributed to the increase in the Lewis acidity of the aluminum 


3 


species which affected the strength of the complex formed with the 
aryl ring of the benzyl group. 

The 2-aryloxytetrahydrofurans and pyrans were found to 
react with AlCl, in ether solution to give the corresponding phenol 
and dihydrofuran or pyran along with varying amounts of a rearrange- 
ment product. Similarly, 2-benzyloxytetrahydrofuran gave exo 
eledavage in the presence of AlCl,. 

The stereospecific synthesis of cis-5-methyl-2-methoxy- 
tetrahydrofuran has been attempted with no success. However, it 
has been concluded that the cis and trans isomers of 5-methyl-2- 
methoxytetrahydrofuran did not react to give different products 
even though the isomer ratio (60:40, cis/trans or trans/cis) 


paralleled the 60:40 exo to endo cleavage ratio. 
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Hydrogenolysis of 2-Alkoxytetrahydrofurans Using 
a 1 to 1 Mixture of LiAlH, and AlCl3. 


Hydrogenolysis of 2-Alkoxy- and 2-Aryloxytetra- 


hydropyrans Using a1 to 1 Mixture of LiAlH, and AICl,. 


Hydrogenolysis of 2-Aryloxytetrahydrofurans and 2- 
Benzyloxytetrahydrofuran with a 1 to 1 Mixture of 
LiAlH, and AlCl, (A1C1H,). 


Competitive Hydrogenolysis of a Mixture of 2-Ethoxy- 
tetrahydrofuran and a 2-Aryloxytetrahydrofuran with 
a Limited Amount of AICIH,. 
Hydrogenolysis of 2-Benzyloxytetrahydrofuran Using 
Al1C1,H, A1C1H, and AlH,. 

2 2 3 
Hydrogenolysis of Some 3-Methoxy-2-alkoxytetra- 
hydropyrans with AICI, . 


Hydrogenolysis of the cis: trans Mixture of 2 ,3- 
Dimethoxytetrahydrofuran with AICI]H,. 


Reaction of 2-Aryloxytetrahydrofurans and 2-Aryloxy- 


tetrahydropyrans with One-quarter Equivalent of AlCl. 
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Energy profile for the reductive cleavage of 
tetrahydropyranyl acetals as proposed by Eliel 
and coworkers (4). 


Energy profile for the reductive cleavage of 
2-alkoxytetrahydrofurans when R = i-C3H~2 and 
t-C4Ho. 


Energy profile for the reductive cleavage of 
2-methoxytetrahydrofuran. 


60 MHz n.m.r. spectrum of 2-(4,6-dimethyl- 
2-hydroxyphenyl)tetrahydrofuran in CDCl, 
referred to tetramethylsilane. 


100 MHz n.m.r. spectrum of 5-methyl-2- 
methoxytetrahydrofuran in CCl, referred to 
tetramethylsilane 


xii 


Page 


96 


100 


101 


hee 


168 


ene 


#2 wd Goaogong us einlorg-tynat iqordysardoh 













, scavncfo evitovher mir io) sie wg yeiees 


a 
1) 440% TH way, bie‘ 
5 


tee 


Fin ~ 






Yo agéveslo svitbubet mb 10) oftigig ¥ 
fe J-1 - Hosa ane near 


> sysyp Sfo SVE OUDIT 191} (162/Sh erg oie 
rpaplo.1S eds iS p : 
s . ‘ P p — 
Ierripty= oy het to frimnts sea af FO iT : ae 


[IKTO cr ta ivlotbyni ol i Oty ibis! a 
5 Nadteeeasses We ae Lshen 


- SC -lvnioti «2 16 (rr pisces Tt. tie “11 06 ry: 
/}. oT, = 7 


s7+9}9% ,15D at neterg > ple tialgeone 
' “oral tet ters aie 


Piel sno.) i Gt TON 


A. The Problem 


A considerable amount of work has been reported con- 
cerning the LiAlH, - AlCl, hydrogenolysis of 1 ,3-dioxolanes (1), 
1 ,3-dioxanes (2) and tetrahydropyranyl acetals (3, 4). Leggetter 
and Brown concluded that the substituents on C-4 or C-5 of the 
dioxolane ring, by their polar effect could stabilize or destabilize 
the intermediate oxocarbonium ion believed to be formed as one 
step of the reaction, and thus exert a profound effect on the 
direction of C—O bond cleavage. 

The mechanistic sequence proposed by Leggetter and 
Brown (1) for the two possible directions of cleavage of the 
dioxolane ring is shown in Scheme l. Path A is favored if R and 
R' are electron donating (alkyl) because of the increased stabilization 
of the intermediate oxocarbonium ion,while path B is favored 
when R and R' are electron withdrawing (—CH,—Cl or —CH2OR) 
since the oxocarbonium ion in path A would be destabilized 
relative to that in pathB. | 

A similar explanation was used by Diner and Brown to 
explain the results of the hydrogenolysis of the tetrahydropyranyl 
acetals (3) (Scheme 2,n = 2). Electron donating groups (R = alkyl) 


attached to the exocyclic oxygen favored endocyclic cleavage 
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Scheme 1 





(path B) while electron donating groups (R' = alkyl) attached to 
C-6 favored exocyclic cleavage (path A). In contrast, an electron 
withdrawing group at either of these positions had just the opposite 
effect. Although steric factors were thought to play some part in 
the reaction, the inductive effect of the substituents, R and R', 
were believed to provide the overriding directing influence. 

In extending this study to the tetrahydrofuranyl acetals, 
Miss Makhubu synthesized a number of 2-alkoxytetrahydrofurans 
and found that they all hydrogenolyzed to give products arising 
from endocyclic cleavage only (Scheme 2, n = 1, R = alkyl, R' = H) 
(5). The explanation given was the strong Lewis basicity of the 
ring oxygen which caused practically exclusive association of the 
Lewis acid (which is simultaneously the reducing species) with the 
ring oxygen (Scheme 2,n=1, path B). The Lewis acid reducing 
species formed from the equimolar mixture of LiAlHy, and A1Cl3 
used by Miss Makhubu (5), Diner and Brown (3) and Leggetter and 
Brown (1) has been shown by Ashby and Prather (6) to be AICIH>. 

Hydrogenolysis of 5-methyl-2-methoxytetrahydrofuran 
(Scheme 2, n= 1, R = CH3, R' = CH3) was found by Miss Makhubu 


to give products which came from cleavage of both the exo and 





endo C—O bonds in the ratio of 60 to 40 respectively. On the 
other hand 5-methoxymethyl-2-methoxytetrahydrofuran gave 
exclusively endocyclic cleavage (Scheme 2, n= 1, R = CH3, 


R' = CH,O—CH2-). 
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The fact that the electron donating methyl group at C-5 
favored exocyclic cleavage, while the electron withdrawing 
methoxymethyl group at C-5 favored endocyclic cleavage, agreed 
with the view that polar factors greatly influence the direction of 
cleavage in the 5-substituted compounds. However, the results 
were not entirely conclusive since the disubstituted tetrahydro- 
furans were mixtures of cis and trans isomers and these isomers 
were not separated. Accordingly, the importance of any steric 
influence could not be assessed. It was therefore necessary to 
examine the problem further to clarify this question. 

The objectives of the current investigations were as follows: 

(i) to discover whether both steric and polar factors were 
involved in determining the direction of hydrogenolysis of the 
5-substituted-2-alkoxytetrahydrofurans. The synthesis and 
subsequent hydrogenolysis of a number of 2,5-disubstituted tetra- 
hydrofurans with substituents not only of different sizes but of 
different electron donor ability was the proposed route to determine 
which directing effect was predominant. 

(ii) to determine whether in the 5-substituted-2-alkoxy- 
tetrahydrofurans, the cis and trans isomers cleaved in the same 
direction or actually gave different relative amounts of.exo and 
endo cleavage. Either a separation of the two isomers, particularly 
those of 5-methyl-2-methoxytetrahydrofuran, or a stereospecific 


synthesis of one of the isomers followed by its hydrogenolysis was 


ia) 


} »” td 


sINGe 
bis 
Ylialupifrsg. 219i st ow, autd % cueing 


sili og 20 519926 Ws rust uto 


caw siephoangeris yd att xt tne v0. 


hea Saal 
pitwhsbiltiw noatoeds of}, atidw auhus wls sich 3 
age 1g aTD sit 7 50 fr . b atovar'e 3 18 quo fytis 7 ie nal 


7 a 
74 ~ rv _ «ee an 
jpatih od) as aaetn vise rg #101061 «slog jet) wseiv afg 


* $* a 

s1/a! betuiitedssth:otli conte avienivaoy qistigg 

= Ad 
jal } brs = Y Sstoixtret ati re t 
94 94) Daw exstmioal anes? bros =ip O 894 Pad tall il 
= 7 ali j M 7 . 
Vos to Aanesiroqumi.ed!y , fix neb-roasa7.k bate tae 7 ne 
: 4 mo 


tc aievionscosbyilto. notgstib gal oatntiredat a : 


b of Stuot beeogo rg alt 2aw at to moh somos 


le-% Sojlutitudue=@ oft at ronietio. ontarcotth at 


ait nt Sevesls ersnigek ent bits» ae nats 


ox> 10 stave ode pwite tad feitiurhiinat fone 
8 We ¢ 






fydifar: goitaenmd «vo sdoolo wily 1s 49 dost s 

























—— i @ . : ry 1" 


a 
. 
_ 


7 


od? , rsvewoH .sbaucgrroo Boiiiaedue © o07 o 


esnsn-Srotstsads eaw tl .bsetoeae pot Jos Biv as toanat 
jasup sit yitists a sornltny mislioig ait 

> «notsyizeaval ino tas ad? lo e5vitostdo ont Mie 
ae | : J 


— : 
mst tsiod bak 3% sie dod seitarhe “: , yo22tb o3 ti) 


4 


y ’ - 


ee ltiarve ori c Thanet yer REPReES = 
neib-2,S lo soderunt 5 ip ef eo 
. ve aah 


} ‘ pees 
jusaimmoheng, apy: saette gaily 


bal 
‘ ra ai ow 7 & ~* A eee 


7 ay 
olla? avnie 


a + 
\o™~ - rs L 


ey ; : : 










ire 


necessary for a solution of this problem. 

(iii) to synthesize and study the direction of hydrogenolysis 
of 2-aryloxytetrahydrofurans and of 3-substituted-2-alkoxytetra- 
hydrofurans as had been done for the analogous substituted tetra- 


hydropyrans studied by Diner (3, 7). 


B. Literature Survey 


1. Brief History of the Development of the Hydrogenolysis of 
Acetals and Ketals. 


In 1947, LiAli, was first introduced as a reducing agent 
(8) and since that time has been used for the reduction of a large 
number of functional groups, particularly carbonyl groups. Ethers 
are unaffected by this reagent and, hence, are useful solvents for 
LiAlH4 reductions. Since acetals and Retaie are geminal diethers, 
they also, as would be expected, are usually unaffected by LiAlHy,. 
Accordingly it has been common practice to protect the carbonyl 
group of ketones and aldehydes by converting them to ketals and 
acetals. This permits LiAlH, reduction of other functional groups 
with the protected carbonyl group remaining unaffected (8,.9). A 
very extensive review of the use of hydrides has been made by 
Gaylord covering these and many other aspects of hydride reductions 
(9). 

In 1953, it was found that the addition of hydrochloric acid 


to the LiAlH4 system drastically changed the properties of this 
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reducing species making the hydrogenolysis of acetals and ketals 
possible under these conditions. For example, spirostanols were 
reduced to furostanols by LiAlHy, in the presence of HCl or HBr 


(Scheme 3). 





Scheme 3 
This specific direction of reductive cleavage was attributed 


to the in situ formation of A1Cl13 which formed a LiAlH, - A1C13 





complex considered to be the actual reducing species (11). Since 
that time the ''mixed hydride"! (LiAlHy - A1C13) has been used to 
reduce a variety of acetals, ketals, hemithioacetals and hemithio- 
ketals (12, 13). A review of these reactions has been published by 
Eliel (14). 
2. Nature of the Reducing Species. 

As early as 1947 Finholt and coworkers (15) found that 
the reaction of.a 3 to.1, molar ratio, of LiAlHy, and AlCl, gave solutions 
of an unstable AlH3. Much more recently Ashby and Prather (6) 
have shown that AlH3, AlHjCl and AlHClz are obtained from 1 to 3, 


1 to 1 and 3 to 1 molar ratio mixtures of AlCl, and LiAlH,. The 


“1 
gal 













- atpg4n bs =| loose 2iex ior tgui1beg ody ga nide, 3 oF 
Sue uh TD - eel aaseita witch sabad 2 


{46 (OM Ss aaieesse of nt ght An] vd slonoteow® et 


- —— 
! f 
ri =< ) , ‘ 
. = a \s AES \ 
<.- —— 


oe 


ry / thrid « bentsol doiiw OLA) Io ngtigny tos uo a si ¢ 
f. f 


ny 


hr oil 
mc .( L1) 2siooge gaoupem Leyla sult sal " ath i ir — 


of baru Sed 25ri (ita a GHIARD M sbtakiyd | 


-crrns nay 2 1 SIODBOIAMILGI SI 
(of trprbetbelusty acod: acel 
‘ ; : : 
° - d ‘ 


igtt). biol {2 1)\ar 


aacbiuinoa eveg plats isk ingested QR 3 a 


(a) rertles4 bas cl ilies 


t age s t mod hesigide.a4s ae Af 


— 
“eAT pat bk, gl EA 


wi 







equations illustrating the formation of these hydride species are 


shown below. 


LiAlH, + 3 AlX3 — 4 AlIXo9H + LixX 
LiAlH4, + AlX3 - 2 AlIXH, + Lix 
3 LiAIH, + AlX, — 4s Albi, Jol towed LX 


where X =I, Br, Cl 

The different hydride species could be identified by a 
characteristic infrared absorption for each and by elemental 
analysis, as described by Ashby and Prather (6). 

This work was verified and extended in a report by Diner, 
Davis and Brown (16). They found that the interconversion of the 
hydride species 

AlH3 = AlH>Cl = AlHCly 
was a fast sda reversible reaction which could be accomplished by 
the addition of appropriate amounts of AlC1l3 or LiAlHy, to solutions 
of any one of the species. 

In a gradual addition of AlCl3 to an equimolar portion of 
LiAlH4, initially AlH3 is formed which is rapidly transformed to 
AICIH, as more AlCl3 is added. If a ketal or acetal is present, it 
therefore comes into contact first with AlH3. However, reduction 
with AlH3 is quite slow (16) and most of the reduction is done by the 
species AlHj7Cl (a much more reactive reducing species) after 


complete addition of AlCl3. 
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3. Hydrogenolysis of Acetals and Ketals. 

Following the publication of the review of the action of 
mixed hydrides on a large number of compounds including acetals 
and ketals (14), the mixed hydride reduction of several cyclic 
acetals and ketals was studied (12). This was followed in turn by 
a similar study using the ethylene hemithioketal of 4-t-butyl- 
cyclohexanone in 1962 (13, 17). Eliel and coworkers could not 
achieve reduction of this hemithioketal using BF 3 as the Lewis acid 
(13) while Leggetter and Brown were able to do so (17). 

Eliel and coworkers had proposed the formation of an 
intermediate a -chlorothioether when AlClz3 was used with LiAlHy,. 
This is shown in path A of the mechanistic sequence in Scheme a 
If BF3 were used in place of AlCl,, this halo intermediate could 
not be formed since the fluorine on BF 3 is not as nucleophilic as 
the chlorine in AlCl3 (18). Since it is known that a -chloroethers 
are readily reduced by LiAlH4, this information suggested that 

a-chloroether formation was a prerequisite to the final step of 
hydrogenolysis. 

However, Leggetter and Brown showed that a prior mixing 
of BF, and the oxathiolane followed by addition of LiAlH, did result 
in reductive cleavage (17). The addition sequence of reagents 
employed by Eliel et al involved initially the formation of a mixture 
of LiAlHy, and BF3 and their subsequent admixture with reducible 


material. This procedure produced BH3 which, because of its 
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insolubility in the solvent, was lost from the reaction medium before 
reduction of the hemithioketal could occur. Since the main argument 
supporting the view that the o-chloroether is first formed was thus 
no longer’ terable’, Leggetter and Brown proposed simply 

a direct reduction of the intermediate oxocarbonium ion as shown 

in path B of Scheme 4, a possibility that Eliel had also earlier 


envisaged (11). 
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Following their first report (17), Leggetter and Brown 
carried out an extensive study of the cleavage of cyclic acetals and 
ketals (1) investigating the factors influencing the direction and ease 
of ring cleavage. It was found that polar or inductive effects of 
the various substituents best explained the observed results. The 


mechanistic scheme proposed to explain the results is shown in 
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Scheme 1 and is quite similar to that shown in Scheme 4 which was 
also proposed by Leggetter and Brown for the hydrogenolysis of the 
oxathiolane (17). 

As previously mentioned, electron donating groups at R 
and R' (Scheme 1) favor cleavage by path A because they assist the 
adjacent oxygen atom in its stabilization of the intermediate 
carbonium ion thus producing an "'oxocarbonium ion". If R andR' 
were electron withdrawing groups, they would lower the ability 
of the adjacent oxygen atom to stabilize the carbonium ion in path A 
but would have little effect on the stability of the carbonium ion 
formed in path B. This would result in predominant cleavage by 
path B. Since it is the relative ease of formation of these two 
intermediate oxocarbonium ions which determines the product 
ratios , their rate of formation was considered to be the rate deter- 
Mining step. This assumption received further verification (19) 
when no isomerization of the recovered cis- or trans- 2,4-dimethyl- 
1 ,3-dioxolane was found after partial hydrogenolysis (Scheme 5). 
The formation of the oxocarbonium ion apparently is the slow step 
and the ion is immediately reduced before it has a chance to revert 


to the other isomer. 
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scheme 5 

Further work by Leggetter , Diner and Brown (2) disclosed 
that the ring size affected the rate of cyclic acetal cleavage. The 
five-membered 1 ,3-dioxolane ring was reduced faster than the 
corresponding six-membered 1 ,3-dioxane ring. This was 
attributed to the greater ease of formation of the oxocarbonium ion 
in a five-membered ring than in a six-membered ring. The five- 
membered ring is very nearly a planar structure, usually thought 
to exist in a slightly puckered conformation (24). The overlap of 
an oxygen '"'p'"' orbital with an empty "'p" orbital being formed on the 


carbon,as the C—O bond breaks, requires very little distortion of 
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the ring from its original shape (Scheme 6-a). In the dioxane ring, 
however, a very considerable amount of distortion from the chair 
conformation must occur for effective overlap to take place between 


an oxygen '"'p" orbital and the empty C-2 '"'p" orbital being formed 


(Scheme 6-b). 


(a) 4 AIC]; 





Scheme 6 
Two reports have appeared concerning the reduction of 
tetrahydropyranyl acetals (3, 4) one of which (4) also included four 
tetrahydrofuranyl acetals. The two possible paths of reduction of 


the 2-alkoxytetrahydropyrans and furans are shown in Scheme 7. 
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In the first report which appeared (4) the authors employed 
a 1 to 4 molar proportion of LiAlH4 and AlCl, as the reducing 
mixture. From the results of their work, ie concluded that 
while polar effects were in some cases important, they could not 
alone explain the direction of reduction in all of the 2-alkoxytetra- 
hydropyrans and furans studied. Steric effects must play some 
role in directing the course of reduction. 

Support for the view that steric effects rather than polar 
factors were the predominating influence in directing the course of 
hydrogenolysis was obtained from their reduction of the tetrahydro- 
furanyl acetals (4). They found 58%, 63%, 27% and 4% endocyclic 
cleavage where R was t-C4Hg, cyclohexyl, n-CgH]3 and CgHs5-CH2- 
respectively (Scheme 7, n=1,R' =H). This view was based on 
the following rationale. A bulky tertiary group such as R = t-C4Hg- 
would sterically shield the exocyclic oxygen atom and this would 
cause preferential complexation of the aluminum species at the 
ring oxygen. This would result in cleavage by path B (Scheme 7, 
n=1). Onthe other hand a smaller R group (R = CgHs5CH?2) with 
a primary carbon attached to the exo oxygen would present much 
less steric interference to complexation with the exo oxygen allow- 
ing cleavage to occur by path A (83% for R = CgH5CH2z-). Mention 
was also made in this report of the possibility that the higher basicity 
of the tetrahydrofuran ring oxygen might in some way be affecting 


the direction of cleavage by causing some association between the 
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ring oxygen and the aluminum species (Lewis acid ), 

The report by Diner and Brown (3) included the hydrogen- 
olysis of not only the 2-alkoxy and 2-aryloxytetrahydropyrans but 
also the 6-methyl and 6-methoxymethyl-2-alkoxytetrahydropyrans. 
They concluded that the steric effects of the groups at R and R' 
(Scheme 7, n = 2) over a wide range of substituents were only 
minor. Polar effects were thought to be the major directing 
influence as found for the 1 ,3-dioxolanes, and only if the polar 
effects due to the two substituents, R and R', were closely alike 
did the steric effects become important. 

The mechanistic sequence proposed by Diner and Brown (3) 
has already been shown in Scheme 2 where n=2. A gradual change 
from 0 to 30 to 60 to 82 to 87% of ring cleavage was found as R was 
changed from C¢He- to CH3- to C2H.- to i-C3H7-to t-C4Hg-, with 
R' = Hin allcases. The more strongly electron donating groups 
R = i-C3H7 and R = t-C4H9 would stabilize the intermediate oxo- 
carbonium ion formed in path B (Scheme 2), relative to that formed 
in path A. Hence, preferential ring cleavage occurs for these two 
substituents while relatively less ring cleavage occurs for the 
weaker electron donating groups. An electron withdrawing group 
such as R = C¢Hs has just the opposite effect. Hence,the oxo- 
carbonium ion arising from path A is more stable and only side 
chain cleavage occurs. 


Groups (R') at C-6 (Scheme 2) were also found to affect the 
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direction of hydrogenolysis. An electron donating group R' = CH3 
(with R = CH3) favors path A by enhancing the stability of the inter- 
mediate oxocarbonium ion of path A while an electron withdrawing 
group R! = CH30CH> (with R = CH3) favors path B or ring cleavage 
because it destabilizes the oxocarbonium ion of path A relative to 
that in path B. 

Only when the polar effects of the substituents, R andR', 
cancelled did steric effects become important. This was observed 
when R' = CH3 and R = i-C3H~ in which case predominant side chain 
cleavage occurred. Here the ring oxygen was considered to be 
shielded by the C-6 methyl group. 

In the case of the 6-methoxymethyl-2-methoxytetrahydro- 
pyran, Diner and Brown did not feel that additional complexation of 
the Por een) onyeen with the aluminum species was an 
important reason for the preferential ring cleavage occurring in 
this compound. Conclusive evidence disproving this hypothesis 
was not given, however. 

4. Conformation and Isomer Distribution of the 2 ,5-Disubstituted- 
tetrahydrofurans. 

Mihailovic and coworkers recently verified earlier work 


assigning the cis and trans isomer configurations ofthe 2 ,5-dialkyl- 





tetrahydrofurans on the basis of their optical activity (20). Lead 
tetraacetate oxidation of a number of optically active hydroxy 
compounds gave mixtures of cis and trans disubstitutedtetrahydro- 


furans as shown in Scheme 8. The isomers were separated by 
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preparative gas liquid chromatography (g.1l.c.) and the physical 
constants (including optical rotation) measured. The cis isomers 
having a plane of symmetry were optically inactive while the trans 


isomers were optically active. 





cis (inactive) 


x is 
OE ras —____4_____3> 


OH 





trans (active) 


(* - denotes center of optical activity) 


O 


(Ac = CH3—C— ) 


Scheme 8 

Mihailovic and Miloradovic (21) had previously proposed 
the following mechanism outlined in Scheme 9 for the oxidative 
cyclization of alcohols. 

Mihailovic and Miloradovic found that the formation of the 
five-membered tetrahydrofuran ring was preferred to the formation 
of a six-member tetrahydropyran ring. This was attributedtoa 
difference in reactivity between the § - and ¢ Raatcens involved 


respectively, inthe 1,5- and 1,6-hydrogentransfers. A difference 
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in the free energies of activation (probably steric or entropy factors) 
in going to the corresponding transition states was the explanation. 
More simply, the six-membered transition state of the 1 ,5-hydrogen 
transfer is preferred to the less easily attained seven-membered 
transition state of the 1 ,6-hydrogen transfer. 

The cyclization does not affect the stereochemistry of the 
C—Obond. As a result the oxidation process starting from an 
optically active alcohol gives an optically inactive cis isomer (having 
a plane of symmetry) and an optically active trans isomer (Scheme 8). 
On this basis, it was possible to definitely assign the structures of 
the cis and trans isomers by simply determining the optical rotations 
of the two isomers. In fact it was found in all cases that one 
isomer was optically active and the other was not. 

The cis isomer had a lower boiling point and lower 
refractive index than did the trans isomer. This agreed with 
studies on the 1 ,3-dimethylcyclopentane (22, 23) which showed that 
the low boiling isomer was the cisisomer. Also, it had been 
shown that the low boiling cis isomer in the cyclopentane compound 
was thermodynamically more stable than was the trans isomer by 
0.53 kcal/mole (23). These findings were not consistent with a 
planar conformation of the cyclopentane ring in which the cis isomer 
should be less stable than the trans isomer. The results, however, 


were consistent witha puckered, envelope (C,) conformation resulting 


in the cis isomer being more stable because of the quasi diequatorial 
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disposition of the alkyl groups (Structure la), while the trans isomer 





has a conformation of lower stability due to the quasi equatorial 


axial disposition of the alkyl substituents (Structure lb). 





Re 
R meg Ta it ie 
Ha 
(a) 
cis quasi diequatorial trans quasi equatorial axial 


Structure |] 
The nuclear magnetic resonance (n.m.r.) spectra of these 
compounds are noteworthy since the signals for the a-protons on 


carbons 2 and 5 for the trans isomer are shifted downfield relative 





to the position of signals for the q-protons of the cisisomer. This 
was attributed to a deshielding effect of.the axial methyl group on 
the axial q-proton. For example in the spectrum of 2,5-dimethyl- 
tetrahydrofuran, the cis g-proton signal was centered at 6 = 3,93 
ppm while the trans g -proton signal fell at 5 = 4.13 ppm, a shift 
cn tae Ties 

Gagnaire and Monzeglio (25) also reported the stereo- 
specific synthesis, physical properties andn.m.r. spectra of a 
number of 2 ,5-disubstituted tetrahydrofurans. The constants for 
the 2 ,5-dimethyltetrahydrofuran agreed with those reported by 
Mihailovic et al (20) with the n.m.r. signals for the cis q -protons 
being shifted upfield relative to those of the trans a -protons. 


However, for the 2 ,5-bis-tosyloxymethyltetrahydrofuran, they 
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found that there was no difference between the positions of the © - 
proton signals for the cis andtrans isomers. In addition they showed 
that for the 2 ,5-bis-hydroxymethyltetrahydrofuran, the chemical 
shifts of the  -proton signals were in the opposite direction relative 
to those for the 2,5-dimethyl compound. The cis a -proton of the 
bis-hydroxymethyl compound absorbed at § = 4.15 ppm while the 
trans o-proton absorbed at 6= 4.10 ppm. This is a difference of 

3 Hz but in the opposite direction from that found in the spectra of 
the dimethyl compound. 

Hence, the chemical shifts of the a -proton signals in the 
n.m.r. spectra do not appear to be reliable criteria, generally, 
for assignment of cis or trans configuration in the 2 ,5-disubstituted 
tetrahydrofurans. Only isolation and comparison of the physical 
constants or a stereospecific synthesis can reliably be used to 
assign the isomer configuration. 
ps -Dasacity of the Tetrahydrofuran Oxygen’ 

Brown and Adams in 1942 reported a study of the stabilities 
of the boron trifluoride complexes with tetrahydrofuran, dimethyl 
ether and diethyl ether (26). The dissociation constants for the 
Bee si were.0.001] «10°. 0,184 * 10° and-0.420 x 10° 
respectively for tetrahydrofuran, dimethyl ether and diethyl ether. 
This indicated that a much more stable complex was being formed 
with tetrahydrofuran, thus illustrating the stronger Lewis basicity 


or electron donor ability of the cyclic ether as compared to that of 
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the acyclic ethers. This property was attributed to steric factors 
controlling the approach of the BF3 to the ether oxygen and not to 
inductive effects. 

In 1962 Arnett and Wu (27) reported the basicities of a 
number of cyclic and acyclic ethers , determined in an aqueous 
sulphuric acid solution. A selection of the results pertinent to the 


present work is given in Table 1. 


Table 1 
pKa Values for the Basicity of Various Ether Oxygens Towards 


Aqueous Acid* 


Ether pKa mrner pKa 


RAY ens ey (Oe 
H3 
| | 2E08 ee Se 
i. cis -2.44 C,H, -O-CjHe 234.59 
H,C H 


3 trans -2.65 CH3-O-CH3 -3.83 
* Taken from the work of Arnett and Wu (27) 


The ethers in Table 1 are listed in order of their decreasing 
basicity as indicated by the pKa values. This order of decreasing 
basicity parallels the decrease in I strain found by Brown and 


coworkers (28, 29) in going from five- and seven- to six-membered 
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ring ethers attributed to the greater internal strain in the free base, 
which is relieved upon protonation. In fact tetrahydrofuran has 
been shown to be thermodynamically less stable by 2.9 kcal/mole 
than tetrahydropyran (30). 

Ether oxygens are known to be sp> hybridized, forming 
C-O-C bond angles of around 110° (31). In tetrahydrofuran and 
hexamethylene oxide, a considerable nonbonded interaction takes 
place between the nonbonding electron pairs on the oxygen and the 
electrons engaged in bonding hydrogens to the adjacent carbons. 
This is illustrated in Structure 2-a and is considered by Arnett and 


Wu to be one factor adding to the high I strain of the molecule. 





\w 
\o 


Structure 2 

Coordination of the oxygen electrons with a proton may 
result in a decrease of this nonbonded interaction by reducing the 
electron density on the oxygen. mhpeereleroor the eleceron.or pital, 
interaction reduces the I strain of the system resulting in stabilization 
of the protonated molecule. 

In tetrahydropyran, the electron pair orbitals of the oxygen 
are staggered as shown in Structure 2-b,resulting in very little 


interaction with the adjacent C-H bonding orbitals. This staggered 
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arrangement possesses the smallest interaction possible in a cyclic 
system. Any deviation from this arrangement,as is found in tetra- 
hydrofuran, results in an increase in the orbital interaction and a 
corresponding increase in Lewis basicity. Since there is very 
little I strain to start with in the tetrahydropyran molecule, 
protonation is not assisted by the formation of a more stable 
molecule and hence the basicity is less. 

Support for this argument arose when 7-oxabicyclo [2,2,1 ]- 
heptane (Structure 3) was found to have a pKa = -2.80, nearly 
identical to that of tetrahydropyran. The oxygen is contained ina 
five-membered ring but the eclipsing of unshared oxygen electron 
pair orbitals with the adjacent C-H bond orbitals is eliminated by 
the strained bicyclo system. Hence, although the molecule 
probably has a higher I strain than has tetrahydrofuran, complexation 
with a proton has no effect in relieving nonbonded orbital interactions 


and a basicity similar to that of tetrahydropyran is therefore found. 





H 
Structure 3 
In 1963 Cioffi and Zenchelsky (32) reported a study of the 
relative basicities of anumber of cyclic ethers towards SnCl,. The 
association constants for the SnCl, complex formation with a number 


of ethers are given in Table 2 and they illustrate the order of 
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decreasing Lewis basicity in the series: tetrahydrofuran > 
tetrahydropyran > 2-methyltetrahydropyran > 2-methyltetra- 


hydrofuran > 2,5-dimethyltetrahydrofuran. 


Table 2 
Association Constants for the Reaction 


SnCly +' 2 Base = SnCl4:2 Base* 


B 5 (fails B E 








*Taken from the work by Cioffi and Zenchelsky (32). 


In contrast to the explanation of Arnett and Wu (27) for the 
observed order of basicity, Cioffi and Zenchelsky concluded that 
the order of base strength is determined by steric considerations 
alone , since inductive and other electronic Life PY, should be 
negligible in saturated compounds. They based their explanation 
on the assumption that tetrahydropyran must change from the stable 
valence angle of 90 + 5° (measured by Allen and Hibbert (33) ) to 


a less stable tetrahedral valence angle during complex formation, 
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causing a considerable increase in the molecule's I strain (28, 34). 
Tetrahydrofuran on the other hand is already in a near sp? or tetra- 
hedral arrangement and less energy is required (or the I strain 
increment is less) in the formation of the SnCly complex, ihe 
strain (35) involved in the approach of the SnCl, molecule to the 
ether oxygen should be nearly the same for both cyclic ethers. 
Since less energy is required to form the complex with tetrahydro- 
furan, the complex is more easily formed and the basicity appears 
to be higher than that of tetrahydropyran. 

However, a serious flaw in this argument is evident since 
the C-O-C bond angle is known to be around 110° (31) not the 
90 +5° found by Allen and Hibbert (33). In other words, the tetra- 
hydropyran oxygen is already in a tetrahedral arrangement and the 
proposed increase in I strain of the molecule could not have 
originated in the fashion predicted. 

Methyl groups increase the F strain by inhibiting the 
approach of the snCl, to the ring oxygen. For this reason, the 
alkylated compounds have a lower basicity than the nonalkylated 
compounds. The fact that a large difference in basicity between the 
mono- and dimethyltetrahydrofurans was found by Cioffi and Zenchelsky 
(32) while only a small difference was found by Arnett and Wu (27) 
can be explained by the larger size of the SnCl, compared toa 
proton. This would cause a greater or more pronounced F strain 


when SnCly was used as the Lewis acid since the effect of the methyl 
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groups would be accentuated by interaction with a larger Lewis 
acid. 

Hence, the order of basicity found by Cioffi and Zenchelsky 
is probably more applicable to the complexation of ath, or one of | 
the ''mixed hydrides'| say AICI, with a tetrahydrofuranyl acetal's 
ring oxygen. However, the explanation employed by Cioffi and 
Zenchelsky (32) is not valid while that of Arnett and Wu can be 


applied to both sets of results. 
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A. Synthesis of the 5- Sub stituted - 2-alkoxytetrahydrofurans’* 














Miss Makhubu found that A1C]H, reduction of 5-methyl-2- 
methoxytetrahydrofuran gave a 60 to 40 exo to endo cleavage ratio 
while the 5-methoxymethyl-2-methoxytetrahydrofuran gave exclusively 


endo cleavage (Scheme 10). 


A1C1H> 
gis Sao | 5 gee 
H 


3 OCH3 

60% 40% 

cro AICI? WN > aren + HOCH, ae 
OCH, H> Sporn eoferee 

Hy by other? compen sd ic 

0% 100% 


(Percentages refer to proportion of the products) 
Scheme 10 
These results were attributed to the predominating polar effect of 
the substituents on C-5 which controlled the course of the hydrogen- 
olysis reaction. Steric effects of the substituents were considered 
to be unimportant (5). 
However, two points regarding the steric effect of the C-5 


substituents were not clarified and required further study. The 
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* cis-trans mixtures were formed in all cases and the names used 
in the “following discussion refer to isomer mixtures. 
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first problem was whether or not there was a steric effect present 

in the hydrogenolysis of the cis compared to the trans isomer of 
5-methyl-2-methoxytetrahydrofuran. This had not been investigated 
due to the fact that the isomers could not be separated (5). The 
attempts made in the present work to solve this problem will be 
discussed later. The second problem was the possibility of complex 
formation between the aluminum species and the methoxymethyl 
oxygen which could promote association with the adjacent ring 
oxygen and thus overcome the steric effect of that substituent. Such 
preferred association of the Lewis acid with the ring oxygen could 
lead to exclusive ring cleavage and hence would explain the direction 
of cleavage observed, If this were so, it would be unnecessary to 
invoke a predominating polar effect as the cause of the direction of 
hydrogenolysis in this particular case. To assist in the solution 

to this second problem, some other 2-alkoxytetrahydrofurans 
substituted at C-5 by suitable groups would be useful. 

It was felt that the 2-alkoxytetrahydrofurans with the 
bulkier isopropyl or t-butyl groups at the C-5 position would suitably 
expand the study. A phenyl group at the C-5 position was also 
considered helpful since it would be an electron withdrawing group 
as well as provide a steric effect at least as large as that of the 
isopropyl group. The A values determined from the cyclohexane 
system are in the range of 2.0 to 3.1 kcal/mole for the phenyl 


group and 1.8 to 2.5 kcal/mole for an isopropyl group (24-b) 
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indicating the slightly larger steric size of the phenyl ring. This 
dual nature of the C-5 phenyl group would cause a competition 
between steric and polar effects in the same molecule and this might 
be revealing. 

In this section the synthesis of these compounds is described. 
As will be shown in Section 10 below, the yY-substituted- y-butyro- 
lactones can be easily converted to the corresponding 5-substituted- 
2-alkoxytetrahydrofurans by the method of Korte and coworkers 
(36, 37). This fact made the y -substituted lactones the most 
desirable intermediates for the synthesis of the 5-substituted 
tetrahydrofuranyl acetals. Initially, work was concentrated upon 
the preparation of y-isopropyl- y-butyrolactone since Miss Makhubu 
had already made an unsuccessful attempt to synthesize this lactone. 
Quite a large number of approaches were attempted before a 
successful preparation of the lactone was finally found. 

The unsuccessful attempts to produce the lactone as well as 
anumber of unsuccessful attempts'to prepare, directly, the 5-iso- 
propyl-2-methoxytetrahydrofuran without producing the lactone, are 
described below. The reason for the description of these unsuccess- 
ful attempts is that they are interesting in their own right and, as 
well, they lead up to the eventual successful synthesis of the 
isopropyl lactone and subsequently the acetal. The procedure 
finally evolved to prepare the 5-isopropyl-2-methoxytetrahydr ofuran 


was then adapted to the preparation of the corresponding 5-t-butyl 
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and 5-phenyl-2-methoxytetrahydrofurans. 


1. Attempted preparation of y-isopropyl-y -butyrolactone by 





acetoacetic ester condensations. 





The first attempt to synthesize the y -isopropyl-y -butryo- 
lactone was a continuation of a reaction sequence initiated by Miss 
Makhubu (5). Her proposed route had seemed promising in the 
initial stages but difficulty had arisen in the last step. This 
proposed sequence is a modification of a combination of published 
procedures (36, 38) and is shown in Scheme 11. 

Miss Makhubu reported the successful synthesis of all the 
intermediates , each in moderate yield, up to ethyl 8 -isobutyryl- 
propionate. However, the final steps of sodium borohydride 
reduction and acid catalyzed cyclization did not produce any lactone. 
At this point, Miss Makhubu was forced to abandon the synthesis. 

There seemed to be no reason why the final reactions 
would not be possible and the present work was started in an attempt 
to prepare ethyl 8 -isobutyrylpropionate and study the cyclization 
reaction. However, difficulty was encountered immediately. 
Absolutely no product was recovered from the attempt tc form 
B-isobutyrylpropionic acid by hydrolysis of the preceding ester 
with refluxing dilute sulfuric acid and by subsequent decarboxylation. 
Since the yields of the steps up to this point had been very poor as 
well as unreliable, the complete failure of this ester hydrolysis step 
prompted the abandonment of this procedure. No reason for the 


failure of this hydrolysis could be given. 



























7 
] a. ; 
“ & - 
7 Jeon tulo shynensanorpatont & - 

pd, a to Tosi wit t= °y Eye IGQORt=-¥ Ye ha 04 be 

20012 ONEBNOS, apie i! 
. Pe = 
-oyttd- »-lyqoxrqesi- y sdt seiaotinye 09 a tentk onl? 


2tM vd betetiinil osaoppee neoliosss te agisennttan 4 asw of 
43 ci artteirmota berhsee bat studs bezogotg 19H ae 


gt8T gfe toed oA ot poerte bad Yat iis jod sagete ~ 
< A : ; 4 ste 
bw ’ aiid a > ia innte ma7 Ss 1© torisio fitbor & at apatipag ‘be = BOC > - 
: a as ahs sia 
', {1 soporte? at mwede,2F Res: ee a2) ene 
, * cn Puy 
ont fle to ere Ag 4 nIegcso29ls wid .b vee zu Sissi aniM 


[ tinigar- & Iyrlis od gy , bisty ainseboer at tasy 20% bse 
ee 
tod mturbow to. : ante Feert?. olf : cov oweght. om 
vei I borg fon bth nohissiovs hssvistes bios 


.Ateedinya of? nobaads Of 54 wn a5.¥ Sdddbs onan. tal 


~ 
- 








snorionet tral sel? ww poesst od ad of isnt, 
ternrétie aa mt bejupte eow trow teiesetg alt fue “idincoge ‘st 
ne : : i ae : ¢ nal - a” 
wsisxiiny>2 st) outs BaS e wavigoraly nediont, aly oe 
| ; a 
{sistbecimt 55493epodns8 es tu aiti » save ¥ 
afto? 2 Sqr sides ont ents) batiovones nag 39h bist heal 3 . 

oa 7 ‘ i ; 
ssteo ghihbeo91q. 58290 at Satna bigh wd Sig’ aif car ie 

x - 7 -/ j SO 
sno tel yaad 92 ob afupasdpe. yo beg bas a i 
‘ ime 


as& Weog viroy! dread: bol atiog hora “7 
won 
gee: sinylo halt 1adua ade iwlgenic 


: ts lis ; 7 Sas 
ba ai _ : tet 
2) 2s) sali sad noeconoW oe y2O%R Bid 


de gee 





32 


a 


@®o O O 
Na OC>Hs | | 
O O —————>_ CH, C- CH-C-06,H, 
| | CH; O | 
CH;=-C-CH,—C-OC3H, \ | C=O 
/CH-C-Cl | 
CH CH 
& me 
CH; CH, 
Sy, 
Na OC,Hs 
C,H,OH 
GH xhar©O RO Grne direc HMinicO O 
~ | 2°°5 > | | 
CH-C-CH-CO,C,H, — CH.=,Gr GH55 GnOG,H 
A | CICH,—C-OC2H5 / 
CH, CH, i CH, 
CO,C2H, 
Dilute H,SO 
eae: 
cue .O 


CH3 i 
GH—C—GH: GH -COOG-H 
ke ee 


Rete, 
CH, 


C,H,OH 
eH osCH.CH,COOH —+~ 
ra 
xe 


H® 
CH, 


NaBH, 


CH,OH 





GH, ~-O8 
PPA X | 
CH : 
SUS 
CH 
| 


CH — CH—CH2zCH,COOC7He 
ih 

CH3 
Ci (PPA = polyphosphoric acid) 


Scheme 11 





| es 
HW - : ij : eHeod at 
1.30 -5 449 +0 -_H0 | 





= a 


Dg 


‘ 
o 
-_- 


‘ ; BY } 
HO.li. | 
W 
- 4 
ey 
& 9) Hi P ~~ - * 
a oe. a - 
| ’ ¢ * ' 
i ¢ ~, EN 
~t2-JI0- 9 t o-* Ho , ra gO O9- 102-0 =D. 
ks : 40-5 ehDIO ey : 
a 4 
J ef) 
Q -MD 
i; . — mo 
Owe 2 i 
i} ‘ ry 14D ae raed & 4 


pcr. Le 
iia 
r f 
I 
HO WD. | 


Me aaa 


ost) ao WH a 





33 








Zi Attempted preparation of y-isopropyl-y -butyrolactone by the 


action of isopropylmagnesium bromide on succinic anhydride 








and diethyl succinate. 

The next attempt involved the addition of Grignard reagents 
to succinic anhydride and diethyl succinate. A comprehensive 
review of Grignard reagents and their reactions with many different 
compounds, including anhydrides and esters, is contained in a book 
by Kharasch and Reinmuth (39). The direct addition of one equi- 
valent of phenylmagnesium bromide to succinic anhydride is known 


to give the keto acid in a 70% yield (39, 40) (Scheme 12). 


Cp.HsMgBr -G > CyH,- des CH, CH, -COOH 
70% 
Scheme 12 

A similar addition of a limited amount of Grignard reagent 
to diethyl succinate gives the keto-ester corresponding to the above 
keto acid (39). 

On the basis of these reports it was proposed that the 
addition of one equivalent of isopropylmagnesium bromide to either 
diethyl succinate or succinic anhydride would give the desired 
keto-ester or acid. However,after several attempts with different 
reaction conditions, absolutely no product was isolated and only the 
unreacted anhydride or ester was recovered. 


The isopropylmagnesium bromide provides a secondary 
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carbanion which do not add to certain carbonyl functions as well 
as the primary Grignard reagents or phenylmagnesium bromide. 
Therefore, it was no doubt the lower reactivity of the iso- 
propylmagnesium bromide which was responsible for the failure of 
this reaction. 


3. Attempted preparation of y-isopropyl- y-butyrolactone by the 











chloride? 

This synthetic sequence involved the attempted addition of 
the organocadmium reagent, diisopropylcadmium, to an acyl halide, 
7 B-carbomethoxypropionyl chloride. This type of reaction is a mild 
form of Grignard alkylation which can form ketones in the presence 
of other functional groups such as the carbonyl group of ketones or 
esters. Two extensive reviews have been published on the topic 
(41, 42). 

It was proposed that the addition of diisopropylcadmium to 
8-carbomethoxypropionyl chloride would give the desired methyl 
B-isobutyrylpropionate (Scheme 13). The synthesis of the g -carbo- 
methoxypropionyl chloride is well known and reasonably easy (43), 
making this an attractive procedure. However, the reaction did 
not proceed as desired and no identifiable material was recovered. 


CH ° CH30 


O 
‘ I l 
CH | Cd + Cl-C-CH2CH,-C-OCH, PLN ea 


Not Formed 
Scheme 13 
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It was subsequently found that secondary organocadmium 
compounds are not thermally stable relative to the primary com- 
pounds (44). The anion, therefore, is not stable enough to react 
with an acyl halide before the anion decomposes (44) in refluxing 
tetrahydrofuran. 
pametsova teroprenaneon of bri pornonyl cumethoxytetzahydr ofur an: 


by the action of isopropylmagnesium bromide on succindialdehyde. 





It was thought that one equivalent of the isopropylmagnesium 
bromide would add to one carbonyl group of succindialdehyde, forming 
the desired secondary hydroxy group Y-to the remaining carbonyl. 
Upon workup in acidic methanol, the hydroxy aldehyde could form 
the Rel which would be converted to the methoxy acetal as 


shown in Scheme 14. 


& mutase ee 
ae ee Nps 
O ee 


“F 
CH, 3 


CH,OH 
Bg eka 
OCH, H? H 


Scheme 14 
However, all attempts to isolate the dialdehyde in a pure 


form for reaction with the Grignard reagent were unsuccessful. 


z€ 


















tantetiacdiail ie gaa ails 
rity : abla a oth ot ov banat dane 
ios or ot dguene sidste jon 21, swissedd. vane owe. 


grixation ni (t h) gaeogittozeh codes sch ocelot dy 
slat 


me 7 


pale anys dat 92 ee peal 
un > ‘ ‘ a P< 
. shysebtethburson & 46 shite .covinenia hulggorges y Mfoethse = i: 
* ? 
2 
mitesny afdygo ape* iorit Yo ineisveupes sho sais igund) aaye Mh 
gcitsolbyiebieidgissue to Quotes: fy cdelthals (Seo. of ha bivow 


Ivdodusa aninte moe sft ot -¥ anata yar yiabapase 


ase 


is 20ig tbvstn ideby> AOrmarg s Sf 









mize) Bios obydablg yxonb ee oats Ho mgdsiact oibiow. oti 
ab istsos pte dior vid? 0% neltow o>" saat Aotitw dundee 


a7 
a. 
~e: o~ 7 


36 


The literature preparation of succindialdehyde (45) involves 
hydrolysis of the dioxime and produces the dialdehyde in aqueous 
solution. Although a boiling point was given, no instructions could 
be found for separation of the aldehyde from the aqueous solution. 
When it was found from the previous experiments that isopropyl- 
magnesium bromide was relatively ineffective in carbonyl additions , 
this sequence and the aldehyde preparation were not continued. 


5. Attempted preparation of 5-substituted 2-methoxytetrahydro- 








furan by the action of a Grignard reagent on 2 ,5-dimethoxy- 





rns -dihydr ofur an. 


While the present work was in progress,a report appeared 
in the literature (46) describing the reaction of cyclic ketals with 
Grignard reagents in refluxing benzene, a reaction on which a 
considerable amount of earlier work had been done (47, 48). This 
idea of Grignard reagents reacting with ketals suggested that 5- 
substituted-2-methoxytetrahydrofurans could be made from 2,5- 
dimethoxy-2 ,5-dihydrofuran. 

Ketals and acetals are usually stable under Grignard 
reaction conditions in ether, but the energy barrier of the reaction 
is overcome by heating the reagents in refluxing benzene. By 
this procedure, the dioxolane ring has been successfully cleaved in 
a large number of steroidal ketals (46). An example of this is 


shown in Scheme 15. 
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Scheie. 15 
The mechanism proposed for this reaction (46) involves 
the initial complexation of the Grignard reagent with one of the 
oxygen atoms of the dioxolane ring, followed by anionic attack on 
the partially formed (or possibly completely formed) oxocarbonium 


ion as shown in Scheme 16. 
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Scheme 16 


In order to determine whether this type of reaction would 
be useful for the preparation of tetrahydrofuranyl acetals with a 


substituent at C-5, atrial reaction was carried out in which methyl- 
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magnesium iodide was added to 2 ,5-dimethoxy-2 ,5-dihydrofuran 
in an attempt to prepare 5-methyl-2-methoxy-2 ,o-dihydrofuran. 
The - oduction of this unsaturated acetal would be useful in the 
stereospecific synthesis of one isomer of 5-methyl-2-methoxy - 
tetrahydrofuran to be discussed later. The dihydrofuran could 
also be reduced to the saturated acetal. If this series of reactions 
were successful, they could be repeated starting with isopropyl- 
magnesium bromide although,in this case, the reaction might fail 
because of the poor reactivity of this Grignard reagent. 

There are two possible routes by which the Grignard 
reagent could attack the 2 ,5-dimethoxy-2 ,5-dihydrofuran without 
affecting the double bond. The mechanistic sequence for the two 


possible paths of the reaction is shown in Scheme 17. 
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As well as the two products shown (Scheme 17 - a and Dy, 
there is the possibility of attack at the allylic carbonium ion result- 


ing from double bond migration as shown in Scheme 18. 


a) ee. prin 
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O 0 | O——CH, Sat, a 
CH3 MgCH, ee 
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H OCH, 


CH, 
Scheme 18 


This possibility was not considered to be too important, however, 
since a carbonium ion at this position, @ to an anomeric center of 
an acetal, would be destabilized by the inductive electron withdrawing 
effect of the geminal diether group. As well, the positive charge 
on the anomeric carbon is quite highly stabilized by participation 

of the electrons from oxygen. 

The factor of destabilization of the rearranged allylic 
carbonium ion by the geminal ether group has been found to deter - 
mine the direction of 3-membered bromonium ion ring opening on a 
tetrahydropyranyl nucleus. The geminal dioxy group at C-2 
destabilizes an incipient positive charge at C-4 less than at C-3 when 


such a charge is developed by partial C-Br bond breaking (49). 
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This preferential formation of the carbonium ion at C-4 is shown 


in Schemesh9ipathsB ; 





Scheme 19 


The major complicating factor directing the reaction 
away from the desired path B (Scheme 17) was expected to be the 
stronger basicity of the dihydrofuran ring oxygen compared to that 
of the exocyclic ether oxygens (26, 27, 32). However, it was 
thought that the two methoxy groups would present sufficient steric 
hindrance to complexation at the ring oxygen, to allow some 
complexation with the exo oxygen atom and subsequent reaction to 
occur via path B (Scheme 17). ‘ 

However, several attempts at this reaction in different 
solvents and at different temperatures gave essentially no reaction. 
A g.l.c. analysis of the reaction mixture showed the presence of 
starting material primarily, along with a few very minor peaks. 

A fast reaction would be expected between a carbonium ion and a 
Grignard reagent,so it must be concluded that a sufficiently strong 
complex formation does not occur between either the exo- or endo- 


cyclic oxygens and the Grignard reagent to initiate the reaction. 
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6. Attempted preparation of y-isopropyl- y-butyrolactone by direct 





condensation of 3-methyl-2-butanone with ethyl chloroacetate. 
An extensive review of alkylation reactions of ketones has 
been published by Conia (50). Alkylations of ketones with the aid 
of strong bases such as potassium tertiary butoxide are complicated 
by the fact that polyalkylation occurs very easily as shown for the 


case of pinacolone in Scheme 20. 


O O O 
! KOt-C4Hg J | 

R-C-CH, R-C-CH, + R-C-CH,CH, 

CH3I 
CH O CH 
3 3 
yh ll | 
+ R-C-CH + R-C-C -CH3 
CH, CH, 


(R = t -C4H9) 
Scheme 20 
The accepted mechanism involves initial abstraction by 
the base of a hydrogen atom a - to the carbonyl group to form a 
stabilized carbanion which can react with the alkyl halide. The 
alkylated material in turn can react further until all of the a- 
hydrogens are replaced as shown in Scherne 21. 
In some cases, polyalkylation and aldol condensations can 
be eliminated by using a base such as sodium hydride, sodium 
amide or potassium triphenylmethide which can react rapidly and 


irreversibly to form the carbanion. 


} - 
‘ : 7 By. 
- . : 
c . 
4 ; ‘ Pere. 
a 






dosyted-y -~Iygorqoedi-y > mel 


cl a A net 


‘ty " orxalds fydee bw ON TEIA ud $ -Sytanet ei 

















- a 
ed gonoled  enbiigast HOMsal veils lo Worvet sivtdipalon 
>. 
2 s 2 34H YO eros :¥ tf (02) sis 19D ¥e baste? 
< [iol 
hatsorlamo> ots abroad v'tes720) NTH A 2z lonely a ‘one apuad: 
sit tal mwoda 2s ylsead y'tS¥ |atiso50 mo fds Jivateyioq tsa rs 
. OS sniistie abeall 
tC) « 2) = 
I M3 - hoe 
rial - ‘ Pe e es me n 
—HO°8o-0-4- + \phO.O- See 
Pe 0 
/ e a ° >) +) < 
; ' ‘sy ' - 
i | t+ 5 - Si + > 
. — ° 
Pal ae 
= ) ‘yD 
c : r : 
yr - . ie =) 
“ io = 7 
a oarraa je .. 
, Me ¥ 
fd stoiles tiada [aude savinvei onet Ll ey batgunae 
F (to) of cote {yuri dea5 of? ot - ¢ trols ager ai 
“a 3 
dt 
ofT ,sbihet {yale of) alow Joes neS Aoid wotten a 


< in 
: . 
“os sf? \o le. tilay redrw? Seat e6o cota van 


a af 
. . irs tant 2 red nwoiie heiaos ‘ 


% : 7 2 moth sen sdyrigs lobte. 5 estas clon ae 2 9! 


wet 
: . 
; Hiuibos , aioe —* 2% cond naa! gat : 
a! Pana Sl 7 on ; 
bas aivtgs naon une atelier ison lycatgt 
i aA! : ae Ma 





















43 


O O 
| KO t-C4Hg | 
R-C.CH wa EN ReGeCh a sk HOt-C ,H 
c= 1 Pa t; 4°°9 
Bo 
O K O 
| CH3I | 
R-C-CH,-CH,; <—————___ R-C=CH, 
KO t-C4H, 
O | 
|| 
R-C-CH-CH, + HOt-CgH, ———> Polyalkylated 
products 


(R = -t-C,Ho9) 
Scheme 2] 

In the present work, 3-methyl-2-butanone was treated 
with either sodium hydride or potassium triphenylmethide, and to 
the product was added ethyl chloroacetate. The resulting reaction 
mixtures were analyzed by g.l.c.. In both cases a mixture of 
several products was found. None of the components appeared as 
a major peak or corresponded to the peak given by the desired 
ethyl 8-isobutyrylpropionate prepared by Miss Makhubu. 


7. Successful preparation of Y-isopropyl-Y -butyrolactone by the 





enamine of 3-methyl-2-butanone. 


The procedure which successfully produced the Y-substituted- 
Y -butyrolactone is outlined in Scheme 22. It involves the condensation 


of an enamine of 3-methyl-2-butanone with ethyl bromoacetate 
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followed by sodium borohydride reduction and acid catalyzed 


cyclization of the resulting keto-ester. 
Os Sa OF Ss 


3/ 3 
CH, O CH, N 
anal | HN (CH3)> x | 
GH—-C —CH, CH— C-= CHp 
TiCl, 
CH3 CH, 
1.BrCH,COOC>Hs 
2.H,O 
CH, O 
CH ek 1.NaBHy, < | 
Go CH—C—CH>CH>COOC>H 
20H? 5 
at O 2.H»SO4 yy ; 
-50% CH 
CH, : 3 
Scheme 22 


The enamine synthesis employed in tHe first step was 
recently reported in the literature (51) and is a relatively easy, 
one-step procedure. There is no need to isolate the intermediate 
tetraamino titanium compound although it can be isolated if 
necessary. The reaction is shown in Scheme 23. White and 
Weingarten (51) reported a 57% yield of the dimethylamine enamine 
of 3 - methyl-2-butanone but variable yields of between 35 and 


40% were found in the present work. 


TiCl, + 8 HN(CH,), ———> Ti [N(CH,)2]4 + 4 HN(CH3),HC1 
CH3 _CH, CH, O 
TiO, Sree No 2 eal 
+ aw | CH-C-CH, 
2HN(CH,), + 2 _-—CH—C=CH, 
CH3 GH, 


Scheme 23 
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Stork and coworkers first introduced the synthesis and use 
of enamines in 1963 (52). Their synthesis procedure involved the 
heating of a mixture of ketone and amine in refluxing benzene 
solution so that water was removed by azeotropic distillation. 

The removal of water in this manner was necessary in order to 


force the equilibrium to the right (Scheme 24). 


O Ri! Ri 
| sl SES “NG 
Bet = CHR! <= | 
CegHe R-+-C =CHR' - H,of 
HNR" 
Scheme 24 


One major drawback to the Stork synthesis lay in the fact 
that the enamine with the most highly substituted double bond was 
always formed. Furthermore, no enamines could be made in 
which the methyl group of methyl ketones was involved in the 
double bond formation,even when the methyl group was the only 
group available for double bond formation. Consequently, the 
recent reports of enamine synthesis in nonaqueous media proved 
very useful since terminal enamines could now be formed (51, 53). 
The two procedures reported (51, 53) were similar in approach, 
involving the formation of a metal amine compound which subsequently 
reacted with a ketone to form an enamine and metal oxide. The 
method starting with titanium tetrachloride (51) is described above. 
The second method employed arsenic trichloride (53). Both 


procedures were attempted in the present work but only the former 
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procedure using titanium tetrachloride was successful. 

The preparation starting with arsenic trichloride (53) 
stipulated that the intermediate tris-dimethylaminoarsine be 
isolated by distillation and then be reacted in the subsequent step 


with the ketone as shown in Scheme 25. 





=607 
AsCl,; + 6 HN(CH,), —-> 2. As [N(CH,)5]3 + 3HN(CH3),"HCl 
GH. «.O 


CH N CH, 
e | A ve © bia 


Ch Ge GHy, Goat, SCN, CHonGeN.. + A205 
Distil v4 he a 

CH, 3. CH, 

pelelnees) 

The literature report claimed that any secondary amine 
could be used for this synthesis but the reaction between tris- 
dimethylaminoarsine and 3-methyl-2-butanone did not prove 
successful in the present work. 

The second step of the synthesis involved a Michael 
condensation of the enamine with ethyl bromoacetate. The reaction 
proceeded equally well in either methanol, as described by Stork 
et al (52), in 1,2-dimethoxyethane or in diethyl ether, in all cases 


to the extent of about 45%. 


Since the last steps of reduction and cyclization of the 


ae rue aol Bie 





















iytmeopage asw abisolts 

(£2) vbineltohtt sieazs Aw polenta 
90-or ‘2 wordnet ieomkb- 299 aint ote tbannesata 
qata Jisopsedye saint putamen od jot ape! ncitigtideils "7 atos 
es ontoita® nk Aiworle 26 snoted of Bie: 


ON meer 
[S44 YE + ae HO ek § Ste chy HOnAe dS 4 plat 


ru 


| Di» gh sf, nr 
- if. vA : j ‘: A 
. HS O-HO . € a ~ 
i = j 
Kf y git? a 
aft) ial) 
HQ. ~ Ho 
u | a an 
Z 7 a YS, 
Oger Mi 1) FEO a: | ae eee 
‘ Pe ae iG 
gHD oe"! “HO | 
j Ps seston 2 aM 
o ea) 
ints Yvebnos se Yow tard, soncdntooesioaon aac er! oe 
= Yale ; 
saint ia awls T¢) mo tow st eset iad Bi erred 2 een orb a 
OVO Wy Jar bib Systid-'S ~tydsiine f bite i t. diem 
Anon iatiew ag: 
a 
fast i bandon Rieudinye “ts Se 
2 
eating hx ext serene icra: beetle dite 
ajrasies ue bedivoatb ae ‘Hoaedesen 
eee@o ike ni , coshte IegalolS ate c 
is As: ‘<1 cae 


47 


ethyl 8 -isobutyrylpropionate did not work for Miss Makhubu (5) but 

proved successful in the present work, it may be concluded that 

polyphosphoric acid as used by Miss Makhubu was unsatisfactory 

and could not affect the cyclization. 

8. Preparation of y-t-butyl-y-butyrolactone by a procedure 
Similar to that used to prepare y-isopropyl-y -butyrolactone. 

The same reaction sequence employed to synthesize y - 
isopropyl-Y -butyrolactone was used to synthesize y-t-butyl-y- 


butyrolactone starting from 3 ,3-dimethyl-2-butanone as shown in 


Scheme 26. CH, CH, 
Se 
O N 
HN(CH,)9 | 
(CH3)3C-C-—CH —— (CH2),—C=CH 
2 3 : 3/3 2 
TiCl4 
1.| BrCH,COOC,H, 
Ze ee O 
1. NaBH, || 
(CH,)3— C -—C- CH, CH, COOC Hs 
O 21H 4S 0% 
(80%) 
Scheme 26 


The enamine synthesis proceeded in a 63% yield (95% a3 
the literature (51)) while the Michael condensation step proceeded 
in a 38% yield and the reduction and cyclization in a 95% yield. 
The lactone was thus obtained in a 25% overall yield from the 


pinacolone. Dry solvents were found to be a necessity for the 
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production of satisfactory yields of products in all steps of the 


synthesis. 


9. Preparation of y-phenyl-y -butyrolactone. 





The procedure used to prepare the Y -isopropyl- and » (lee 
butyl- 7 -butyrolactone was also attempted for the synthesis of y - 
phenyl-Y -butyrolactone but with no success. The enamine form- 
ation between acetophenone and dimethylamine proceeded only in 
very poor yield and distillation of the keto-ester and lactone in 
subsequent steps resulted in extensive charring and tar formation. 
Only a few drops of product could be isolated. 

A simpler and more direct route to this particular lactone 
was found in the literature (54) and involved the condensation of 
styrene oxide with diethylmalonate, followed by decarboxylation and 
eyvclizar.oneot tne product.« “he starting material, styrene oxide , 
could be bought, or readily prepared from styrene (55). The 


reaction sequence for this lactone preparation is shown in Scheme 27. 





CpHe— CH —CH, 


1. | NaOC5Hs, 


Lig a EL + HZO 


3. Ho, H® A 140° 


aS 


Scheme 27 
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Russel and VanderWerf(54) carried out the preparation of 
the lactone from the epoxide in a continuous sequence without 
isolating any of the intermediates. When their procedure was used 
in the present work, only 2-ethoxy-l-hydr oxy -l- phenylethane 
(Structure 4) was obtained in a 63% yield. This product could 

OH 


C,H.—CH~CH,—-OC,H 


5 5 


Structure 4 

have been formed only from a direct attack of the ethoxide anion 
on the styrene oxide. This indicated that the reaction between 
sodium ethoxide and diethyl malonate had not gone to completion 
before styrene oxide was added or that the reaction of styrene 
oxide with ethoxide was faster than that with the malonate carbanion 
from the equilibrium "OcjH, + CH,(COOC2Hs)2 © HOC2H, + 
©CH(COOC>Hs),. A modified procedure was therefore used to 
prepare sodium malonate. This was accomplished by the addition 
of diethyl malonate to a suspension of sodium hydride in 1] ,2-di- 
methoxyethane (DME). This reaction proceeded quickly and 
irreversibly with the evolution of hydrogen. The subsequent 
reactions carried out following the method of Russell and VanderWerf 
provided the lactone in 54% yield. 

The physical constants of the three lactones prepared in 


this work are listed in Table 3. 
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10. Synthesis of the 5-substituted-2-methoxytetrahydrofurans 








from Y -substituted-Y-butyrolactones. 





The conversion of the three lactones listed in Table 3 to 
their corresponding 5-substituted-2-methoxytetrahydrofurans was 
carried out using the procedure of Korte and coworkers (36, 37). 
This is a reasonably reliable procedure although rather lengthy. 
However, Miss Makhubu had used it to prepare 2-methoxy-, 2-ethoxy- 
and 2-isopropoxytetr ahydrofuran from Y-butyrolactone as well as 
5-methyl-2-methoxytetrahydrofuran from Y-valerolactone (5). 


The reaction sequence is shown in Scheme 28. 


/ 9 
us ON GeO 
ear iee H,. Se Bs “ie 
3 eons | fea OF | 
KOH 
H,O 
O 
T 
C-OH 
Ths 
| ——. | | ——— ke 
R! R! O OR R! O OR 
Pat ae 
ROH/H® 


eo 


(R = alkyl) 
(R'! = alkyl or aryl) 


Scheme 28 
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Miss Makhubu obtained the intermediate esters R = CH3-, 
CoH, - and i-C2H~7- (R' = H in all cases) in 90%, 41% and 29% yields 
respectively. For R= t-C4Hg- and R' = H absolutely no ester was 
obtained. The lower yield with the bulky isopropoxy group and 
complete inability to obtain the ester with the t-butoxy group was 
attributed to steric interference between the C-2 alkoxy and C-3 
carboalkoxy functions which facilitated elimination of the alcohol 
upon attempts at purification by distillation. Imstead of the ester, 
only 3-carbo-t-butoxy-4 ,5-dihydrofuran was obtained, in good yield, 


when distillation of the crude t-butyl ester was attempted (Scheme 


ZT) O 
O 
\| I 
Orsi O45 SP OC. 


Scheme 29 

The mechanistic sequence for the formation of the ester 
from the lactone is shown in Scheme 30. 

When R' was i-C3H7-, t-C4Hg- and C¢H,- (R = CH3- in 
all cases), the intermediate ester was obtained in the present work 
in 81%, 72% and 63% yields respectively. Miss Makhubu had 
obtained a 55% yield of the ester when R' = CH3-and R = CH3-(5). 
The overall yields of the acetals from the lactones found in the 


present work were 28%, 10% and 54% when R' = i-C3H7-, t-C4H9g- 
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and CgH.- (R = CH3- in all cases) respectively. 

The only difficulty encountered in the synthetic sequence 
involved the decarboxylation of the intermediate acid (Scheme 28). 
Korte and coworkers (36, 37) as well as Miss Makhubu (5) had 
obtained their results by a simple distillation at 200°C. But in 
the present work only very poor yields of the acetal were obtained 
by this method. The method for decarboxylation of furancarboxylic 
acids (56) was therefore adopted in order to improve yields. This 
procedure involved heating the carboxylic acid in quinoline at 200- 
210°C with a trace of cupric sulphate catalyst. The catalyst 
proved to be necessary for the reaction to occur at a reasonable 
rate and improved yields of decarboxylated product were obtained 
in its presence, 

This decarboxylation procedure could be used to prepare 
the 5-isopropyl- and 5-t-butyl-2-methoxytetrahydrofurans but not 
the 2-methoxy -5-phenyltetrahydrofuran because of the latter 
compound's high boiling point (above that of the quinoline solvent). 
Eventually, a 68% yield of the decarboxylated material was obtained 
by simply heating the C-5 phenyl substituted acid at 140°C under 
vacuum. The acid decarboxylated and distilled cleanly without 
the use of cupric sulphate. 

In all cases the resulting distillate from the decarboxylation 
proved to be a mixture of the acetal and olefin. This mixture was 
simply stirred with methanol and a trace of p-toluenesulfonic acid 


to give the acetal. 
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11. Preparation of 5-methoxymethyl-2-methoxytetrahydrofuran , 





5-methyl-2-methoxytetrahydrofuran and 2-isopr opoxy -5-methyl- 











tetrahydrofuran. 

The acetal 5-methyl-2-methoxytetrahydrofuran was 
prepared by the method of Korte and coworkers (36, 37) in about 
a 20% yield from y-valerolactone. This procedure had previously 
been used by Miss Makhubu to prepare this acetal (5). 

The synthesis of 5-methoxymethyl-2-methoxytetrahydro- 
furan initially presented a problem to Miss Makhubu, but it was 
finally prepared by her according to the sequence of reactions in 


Scheme 31 (5). 
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(DME = 1] ,2-dimethoxyethane) 
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This preparation was successfully repeated in the present 
work and 5-benzyloxymethyl-2-methoxytetrahydrofuran was prepared 
by the same route except that benzyl chloride rather than methyl 
iodide was used in the first alkylation step of the 2-hydroxymethyl- 

3 ,4-dihydro-2H-pyran. 

The acetal, 2-isopropoxy -5-methyltetrahydrofuran,was 
prepared from 5-methyl-2-methoxytetrahydrofuran by an acid 
catalyzed exchange reaction in isopropyl alcohol solution. The 
methanol was distilled out of the solution as it was formed and 
after treatment with sodium carbonate, the new acetal was distilled 


out of the reaction flask in a 60% yield (Scheme 32). 


ae CH, 
+ i-C,HOH 
Peete > I Os 
CH O eran O cu, 





3 OCH, 
+. CH3z0HT 
Scheme 32 
The physical constants of the acetals prepared in the 
present work are listed in Table 4. The figures in parenthesis 


are the constants obtained by Miss Makhubu for the same compounds 
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B. Synthesis of 2-Aryloxytetrahydrofurans. 








Miss Makhubu attributed the exclusive endocyclic cleavage 
of all of the 2-alkoxytetrahydrofurans to the strong basicity of the 
tetrahydrofuran ring oxygen (26, 27, 32) which caused preferential 
complex formation with the aluminum species to occur at the ring 
oxygen. The 2-aryloxytetrahydrofurans were not included in 
Miss Makhubu's study, however, and such a strongly electron 
withdrawing group would have accentuated any polar effect of the 
substituents if a polar effect were operative. Diner and Brown (3) 
in fact had previously found that the 2-aryloxytetrahydropyrans 
gave exclusively exocyclic cleavage. This indicated a very strong 
polar influence by the aryl substituents in directing the course of 
hydrogenolysis. 

Since the C-2 aryloxy group had such a pronounced effect 
in directing the hydrogenolysis of the tetrahydropyranyl acetals, 
its effect on the direction of hydrogenolysis of tetrahydrofuranyl 
acetals had to be considered. It was predicted that the 2-aryloxy- 
tetrahydrofuran molecule would set up a competition in directing 
the hydrogenolysis between the preferential complexing of the 
aluminum species at the ring oxygen favoring endo cleavage, and 
the greater stability of the oxocarbonium ion formed in exo cleavage 
caused by the phenyl ring destabilizing the oxocarbonium ion formed 
from endo cleavage. 


Five members of the 2-aryloxytetrahydrofuran series were 
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synthesized by the method which Eliel and coworkers (4) had used 
to prepare the bulky 2-alkoxytetrahydrofurans. This procedure 
involved the acid catalyzed addition of the corresponding phenols 


to 2 ,3-dihydrofuran (Scheme 33). 
Ri ae 
i + eo > tga — UR 
O 
47 


Scheme 33 

The only problem encountered in this procedure was the 
removal of excess unreacted phenol from the reaction mixture. 
After several unsuccessful attempts at washing the reaction mixture 
with aqueous sodium carbonate and aqueous potassium hydroxide 
solutions , the more potent ''Claisen's Alkali! (57) was found to 
remove any phenol present, even the relatively unreactive 2 ,6- 
dichlorophenol. 

The physical constants of the 2-aryloxytetrahydrofurans 


and of 2-benzyloxytetrahydrofuran are summarized in Table 5. 
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C. Attempts to Reduce the y -Substituted- Y-butyrolactones to 














the Corresponding Tetrahydrofuranyl Acetals. 














Although the y -butyrolactones could be converted quite 
reliably to the corresponding tetrahydrofuranyl acetals(36, 37, 5), 
the method of Korte and coworkers still involved four steps in 
which material could be lost, thus lowering the overall yield of the 
acetal. It would have been very useful if a reliable, one-step 
reduction of the lactone to the corresponding hemi-acetal (easily 
converted to the acetal) were available. 

A number of reports have appeared in the literature 
describing this sort of reduction. In most cases the yields 
reported were quite good but attempts in the present work to repeat 
the literature procedures were unsuccessful in producing any acetal. 
These unsuccessful attempts at the ec reduction of the lactone 
are described below with possible reasons for some of the failures. 


1, Attempted reduction of Y-butyrolactone using a LiAlH,-BF, 








solution. 

In 1960 and 1961, there appeared two papers (58, 59) 
describing the reduction of steroidal lactones using different 
mixtures of boron trifluoride and lithium aluminum hydride. It 
was reported that the lactones were reduced in different ways 
depending upon the order of mixing of the three reactants. For 
example, when a lactone was stirred with boron trifluoride , 


followed by the addition of lithium aluminum hydride, the carbonyl 
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oxygen was simply removed leaving the cyclic ether (Scheme 34). 


___ 1. BF3+(C2H5)20 ~ wal 
O | a4 LiAlH, 


O 


Scheme 34 
This reduction was carried out on both "gamma"! and 
''delta'' (y- and ¢-) lactones in the steroidal series giving tetra- 
hydrofuran and pyran ethers respectively. The mechanism proposed 
for the reduction involved initial complexing of BF 3 with the lactone 
followed by reduction by the hydride species (58). This is shown 


in Scheme 35, 
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On the other hand, addition of the lactone to a suspension 


of LiAlH, in ether gave the diol, as would be expected (Scheme 36). 


pan BOt viele 


O 
Scheme 36 : 


Prior mixing of the LiAlH, and BF3°O(CjH;), produced 
diborane which was then bubbled into an ether solution of the lactone. 
When the reaction mixture was worked up by stirring the solution 


with alcohol and acid,the acetal was obtained as shown in Scheme 37 





(58), 3 LIAIH? 4 BF, mig 2 BoH, tT + 3 LiAIFy 
Bale 
2, ROH/H® 
oye hits: 
Scheme 37 R 


Since diborane was reported to give the steroidal acetals 
in a 40 to 50% yield, an attempt was made in the present work to 
apply this reduction to our simpler lactones. However, absolutely 
no acetal was recovered from the attempted reductions of y-butyro- 
lactone even after several attempts with various reaction conditions. 

Diborane was first generated in a separate flask and blown 
into the reaction mixture as described by Pettit and Kasturi (58). 
However, even after a large excess of diborane had been generated, 
a 70% recovery of unreacted lactone and absolutely no acetal was 
found upon distillation of the crude product. 

A second attempt involved an in situ preparation of diborane 


by first mixing the lactone and sodium borohydride followed by the 
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addition of BF3+O(CjHs)2. The NaBHy does not react with the 
lactone and if BoH¢ were going to react with the lactone it should 
have done so during the in situ preparation. However, only the 
lactone was recovered in an 80% yield by distillation. 

Since the diborane reaction was unsuccessful, it was thought 
that a direct reduction with a weak hydride donor in the presence 
of BF, might yield the acetal. The lactone and BF,-O(C,H-)>5 
were stirred while a quarter molar equivalent of NaBH, was added 
in small portions. This process is a modification of the previously 
described procedure for reduction of the lactone to the eycliciether 
using BF ,°O(C,Hs)2 and LiAlH,. The limited use of a weak hydride 
donor should have stopped inpbadlapttan at the second carbonium ion 
in Scheme 35 without causing further reduction. Addition of the 
desired alcohol in an acid solution would then produce the acetal. 

However, when this procedure was carried out, only 
unreacted lactone was recovered, indicating that the NaBH, mole- 
cule was too weak a hydride donor to cause the reduction. In fact, 
a preferential formation of diborane occurred, and the hydride gas 
boiled out of the solution. It was expected that the use of one 
quarter molar equivalent of LiAlH, would simply carry the reaction 
to a 25% yield of the ether rather than partial reduction, since it 
is a very strong hydride donor. Hence,this procedure was 


abandoned. 
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¢. Attempted reduction y-butyrolactone using sodium amalgam. 





In carbohydrate chemistry, the reduction of sugar lactones 
to the corresponding hemiacetals using sodium amalgam is a well 
known reaction (60, 61). This type of reduction was therefore 
carried out in the present work in an attempt to reduce 7¥ -butyro- 
lactone using the published procedure for the reduction of sugar 
lactones (62, 63). The only modification employed in the present 
work was the use of methanol as the solvent rather than acidified 
water in order that the nonhydroxylated lactone would be soluble, 
and that the acetal rather than the hydroxyaldehyde (hemiacetal) 
would be isolated. 

The solution was kept slightly acidic since the literature 
reports (62) had noted this to be a crucial factor for a successful 
reduction. In spite of this precaution, absolutely no acetal was 
isolated from this attempted reduction using 2% sodium amalgam. 

Further literature research revealed a statement (64) that 
an earlier report (65) had noted that nonhydroxylated lactones could 
not be reduced in this fashion. The original reference (65) could 
not be found and Arth (64) did not give a reason for the lack of 
reaction with unsubstituted lactones. However, the present work 
corroborated the earlier findings (65) and this approach to the 
reduction of lactones was abandoned. 


3. Attempted reduction of Y-butyrolactone using a quarter molar 





equivalent of LiAlH,. 








Arth (64) reported the direct reduction of lactones to the 
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hydroxy aldehyde (hemi-acetal) using a quarter molar equivalent 

of LiAlH, ( one equivalent of active hydride) (Scheme 38). The 
reduction was carried out on a number of different lactones including 
a-methyl- 6-caprolactone, y-valerolactone, and a-hydroxy- f, - 
dimethyl-y -butyrolactone giving respectively qy-methyl- 6 -hydroxy- 
caproaldehyde, y-hydroxyvaleraldehyde and «,/-dihydroxy- f,£- 
dimethylbutyraldehyde in reasonable yields (64). These products 
were distillable and gave crystalline 2 ,4-dinitrophenylhydrazone 


derivatives. 


1 Pots 
ee a mole LiAlH, \h 
GH OH 


a O 
Scheme 38 


When Arth's procedure was repeated in the present work, 
the same results could not be obtained. Only the lactone was 
recovered upon distillation along with a relatively very small 
amount of the diol and an even smaller amount of what may have 
been the hydroxy aldehyde. The y-valerolactone boiled at very 
nearly the same temperature as the Y-hydr oxyvaleraldehyde and 
the distillation mixture gave only a very small amount of a 2 ,4- 
dinitrophenylhydrazone derivative. 

Since two attempts at this reduction gave the same results, 
it was concluded that Arth may simply have been dealing with a 


mixture of the lactone and a small amount of the hydroxy aldehyde. 
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The infrared spectrum showed a predominance of the lactone 
absorption at 1760 cm?! with only a small hydroxyl absorption and 
a shoulder on the lactone carbonyl absorption which could be 
attributed to the aldehyde. It was this small amount of aldehyde 
which gave the weak 2 ,4-dinitrophenylhydrazone derivative and 
gave the false impression that the material (which was largely the 
lactone) was the desired procuct. This procedure was therefore 
abandoned. 


4. Attempted reduction of y-butyrolactone using disiamylborane. 





A report by Brown and Digby (66) indicated that disiamyl- 
borane (bis-3-methyl-2-butylborane) was a useful reducing agent 
for the conversion of such functional groups as (a) aldehydes and 
ketones to alcohols, (b) unhindered olefins and acetylenes to organo- 
boranes, (c) Y-lactones to hydroxyaldehydes and (d) N ,N-dimethyl- 
amides to aldehydes. For example, 7-butyrolactone was reduced 
to 4-hydroxybutyraldehyde in a 73% yield while y¥-valerolactone was 


converted to 4-hydroxyvaleraldehyde in a 76% yield (Scheme 39). 


aera ee ie 


Scheme 39 
This procedure appeared to be quite promising and disiamyl- 
borane was therefore prepared following the procedure of Brown and 


Zweifel (67). The main difficulty with this reaction arose from the 
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fact that Brown and Digby did not report the exact reaction conditions 
(66). Even after several attempts under various conditions, using 
both oxidative and hydrolysis work-up procedures, no reduction 
products were found. In all cases only the unreacted lactone was 
recovered. Since the exact reaction conditions were not described 
by Brown and Digby, it was not possible to draw any conclusions as 
to why the reduction did not proceed as they had reported, The 
procedure was therefore abandoned. 


5. Attempted reduction of y-butyrolactone using AICL,H. 








This final attempt at reduction of the lactones was not 
based on any published procedure but simply on the hypothesis that 
a reducing species with only one active hydride unit might reduce 
a lactone only as far as the hemi-acetal. This was similar to the 
rationale of Brown and Digby (66) who used disiamylborane which 
has only one active hydride. From other work done in this labora- 
tory, it was shown that AlC1,H could be produced very easily by 
using the ''mixed hydride"! AlCl, and LiAlHy, in the proportion of 
3 to 1 (16). The mechanism by which the reduction of Y-butyro- 


lactone by A1C1,H might proceed is shown in Scheme 40. 


rs 
If the mechanism in fact did involve initial complexation of 

the aluminum species followed by partial carbonium ion formation 

and intramolecular hydride donation, it was hoped that the reaction 


would proceed only to the C-2 alumino-oxy species allowing the 


formation of the acetal during workup with acidified alcohol. 
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Scheme 40 


When the reduction was carried out at 60°C almost no 
reduction occurred, while at room temperature, the reduction took 
place directly tothe diol. No observable formation of the hydroxy 
aldehyde or acetal was found in either case. The reduction there- 
fore did not stop at the C-2 alumino-oxy species as hoped, but may 
have proceeded as shown in Scheme 41. The C-2 alumino-oxy 
species very quickly decomposed to the anion of the hydroxy alde- 
hyde and the aldehyde would be subject to much faster reduction 


by the hydride species than was the lactone. 
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Scheme 41 


Since the reaction did not proceed as desired, this method 
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was abandoned. At this point, there was no longer any necessity 
for a direct reduction procedure for the lactones. While the above 
attempts at direct reduction of the lactones had been carried out, 
parallel experiments which were also in progress had converted 
all of the lactones to the corresponding acetals by the method of 
Korte and coworkers (36, 37). However, a report of the direct 
reduction of sugar lactones to the hemi-acetal appeared recently 
(68),using a procedure initially reported in 1966 (69) involving the 
use of sodium borohydride and acetic acid in ether solution. This 
procedure was not attempted but the fact that the initial report 
was corroborated by independent work made it look promising. 
The only question was whether or not the procedure would reduce 


unsubstituted lactones. 


D. Synthesis of Authentic Hydrogenolysis Products. 




















The hydrogenolysis of the 5-substituted-2-methoxytetra- 
hydrofurans can give two possible products. One is the cyclic 
2-substituted tetrahydrofuran resulting from exo cleavage while 
the other is the acyclic hydroxy ether resulting from endo cleavage. 
Methanol is also formed from exo cleavage but in the hydrogenolysis 
experiments performed, it appeared only in very small amounts on 
the chromatogram when the mixture of products was analyzed by 
gas liquid chromatography. This low recovery of material was 


assumed to be due to loss by the reaction or association of methanol 
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with the aluminum species and its removal by the filtration process, 


1. Synthesis of 2-substitutedtetrahydrofur ans. 








Only two methods for the synthesis of the various 2-sub- 
stituted tetrahydrofurans were examined. The first procedure 
was successful but gave a yield of only 20%. The second route 
provided all of the cyclic ethers in good yields, 


(a) Attempted synthesis of 2-substituted tetrahydrofurans by the 





action of LiAlIH,-BF, on y -substituted-y -butyrolactones. 








Pettit and Kasturi (58, 59) reported the direct reduction 
of various steroidal lactones to the corresponding ethers by the 
action of LiAIH, on a BF-lactone mixture in ether solution 
(Scheme 34), This work has been mentioned earlier during the 
discussion of the reduction of lactones to the acetals. 

Since no success had been found with the other work reported 
by these authors, an exploratory reduction only was carried out 
on Y-butyrolactone. A careful distillation of the reduction mixture 
gave the desired tetrahydrofuran in just 20% yield. The major 
product was 1 ,4-butanediol ( >50% yield). Since most of the 
reduction produced the diol and not the cyclic ether, this method 
was abandoned. 


(b) Synthe sis of the 2-substituted tetrahydrofurans by the action of 











butanediols. 
The second synthesis which was examined was based on 


a report by Reynolds and Kenyon (70) and proved to be quite 
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successful. The procedure involved the mixing of a 1 ,4-diol in 
lutidine or pyridine with subsequent addition of one equivalent of 
p-toluenesulphonyl chloride at Ha cbitely The mechanism for this 


reaction is shown in Scheme 42, 


A 
+ a 
BS | p-CH3,CgH4SO,Cl are me 
ist O . 


Ee 
9 OSO2Cgup-CH3 
Hi CH, 


R! “tuned Bras LS =f " 


0,8C,4, -p-CH3 
Scheme 42 

This procedure worked quite well although some difficulty 
was encountered in obtaining the cyclic ether in a pure state. In 
all the cases fractional distillation did not completely separate the 
mixture of lutidine and cyclic ether. Purification by preparative 
g.l.c. was necessary and at least two passages of the mixture 
through the column was required. The 2-t-butyl- and 2-phenyl- 
tetrahydrofurans obtained by this method gave good analyses, but 


the isopropyltetrahydrofuran, even after three passages through 
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the column, was not completely purified. The analysis for carbon 
was 0.57% off the calculated value although the hydrogen analysis 
was quite satisfactory (Table 6). The physical constants of the 
three cyclic ethers prepared in this manner are summarized in 
Table 6. The yields were not determined since purification by 
g.l.c. was necessary. 

The 1 ,4-diols required for the synthesis were prepared 
simply by reducing the corresponding lactones with LiAlHy. 


2. Synthesis of the products expected from endo cleavage of the 








5-substituted-2-alkoxytetrahydrofurans. 

Two procedures were successfully used to synthesize the 
hydroxy ether products. Selective monomethylation of the primary 
hydroxy group of the 1 ,4-diols proved successful in preparing the 
authentic open chain reduction products expected from the hydrogen- . 
olysis of 5-isopropyl- and 5-t-butyl-2-methoxytetrahydrofurans. 
However, the preparation of the hydroxy ether from 2-methoxy - 
5-phenyltetrahydrofuran by this method could not be achieved. 
Synthesis of this latter compound presented a problem and a number 
of attempts were made before a successful preparation was found. 
The unsuccessful attempts as well as the successful preparations 


are described in the following sections. 











6-methoxy -3-hexanol by the monomethylation of the corresponding 








1 ,4-diols. 


The monomethylation procedure employed was a modification 
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of the method of Diner and coworkers (71) for the alkylation of 
hydroxy functions. It involved the addition of one equivalent of 
sodium hydride to a 1 ,2-dimethoxyethane (DME) solution of the 

1 ,4-diol containing a 100% excess of the methyl iodide. When the 
reaction mixture was worked up, the gas liquid chromatogram of 
the product showed that only one major methylation product 
(I,LScheme 43) was obtained in the two cases where R!' = i-C3H4- 


and t- C4H9 =o 


NaH (1 equiv) 
Peseta relink skool 
R! O DME R' O OCH, R' OH 
H H H CH, 
z II 
Scheme 43 
An attempt to methylate the 1 ,4-pentanediol (R' = CH3, 
Scheme 43), however, resulted in a mixture of the two possible 
monomethylation products,I and II,in approximately a 5 to 2 ratio. 
At first sight it appears that a sufficiently bulky group such as 
1-C3H~ or t-C4Hg adjacent to a secondary hydroxyl group directs 
the reaction with sodium hydride away from the secondary hydroxyl 
group and causes preferential reaction at the less hindered primary 
hydroxy group. If a bulky group is not present near one of the 
hydroxyl groups, then both possible monomethylation products are 
formed. No dimethylation products were found in any of these 


cases. 
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However, the attempted monomethylation of 1-phenyl-1 ,4- 
butanediol gave a product mixture which g.l.c. showed to be com- 
posed of four substances in nearly equal amounts. These could be 
the two possible monomethylation products, the dimethylated 
product and the starting diol, although they were not separated and 
characterized. This was an unexpected result since the phenyl 
group is at least as bulky as the isopropyl group (according to the 
A-values) (24-b). These results lead to the conclusion that 
another factor must be operative in making the benzylic hydroxyl 
group as reactive as the primary hydroxyl group. The most 
reasonable explanation is that the inductive or electron withdr awing 
nature of the phenyl ring helps to stabilize the anion obtained by 
removal of the proton from the benzylic hydroxyl group. This 
increase in its acidity would counterbalance any steric effect 
which prevents a reaction with the secondary hydroxyl group. 

The results of Hine and Hine (72) obtained from a study of 
the relative acidities of a number of weak acids in isopropyl alcohol 
solution, using sodium isopropoxide as base, corroborates the 


findings of the present work. Hine and Hine determined the 


ad 


: : oO 
equilibrium constants for the reaction ROH + i-C3H2O pa 


RO © + i-C3H/OH by optical means using suitable indicators and 


obtained the constants for the alcohols shown in Table 7. 
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TABLE 7 


Relative Acidities of a Number of Alcohols Determined by K for 
eG. 


— 


j 5 © © 2 K ste ste 
Mopeection ROH +iCoH7O-" 7. RO®© 43.¢,H70H (*) (**) 








Alcohol K Alcohol K 
‘ eq. eq. 
CH,0H 4.0 CH3CH,CH,OH 0.50 
CgH5CH,0H 3.8 (CH3),CH-OH 0.076'"**) 
HOH 1 Bay (CH3)3C-OH not measurable 
but <0.2 
CH,CH,0OH 0.95 








* Determined in isopropyl alcohol solution. 
** Taken from the work of Hine and Hine (72). 


*«k%* Determined in a separate experiment /72) . 


It is immediately obvious that benzyl alcohol is nearly as 
acidic as methanol which agrees with the monomethylation results 
discussed above. Hine and Hine did not discuss the particular case 
of benzyl alcohol, but generally explained the observed order of 
acidity as well as the anomalous value for the acidity of water being 
less than that of methanol as follows. 

Since the "'B strain'' hypothesis of Brown and coworkers 
(35) could not explain the observed order of acidities , Hine and 
Hine suggested that hyperconjugation might possibly be stabilizing 
the alcohol relative to the alkoxide anion, thus lowering the alcohol's 


acidity. In other words the more alkyl substituents there are on 
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the carbinol carbon (to increase hyperconjugation), the lower is the 


acidity of the alcohol. Hence, on this basis t-butyl alcohol is less 


acidic than is ethanol. This is shown in Scheme 44. 
isi tea 
Ds rk <> H¢ po=Cy °OH 
| 
Scheme 44 


The anomalous acidity of methanol and benzyl alcohol, 
greater than that of water, was attributed to the complete absence 
of any possible hyperconjugative stabilization of the alcohol as well 
as a possible stabilization of the alkoxide anion as shown in 


Scheme 45, 


Scheme 45 

A better argument than the one of hyperconjugation 
proposed by Hine and Hine may lie in the inductive effect of the 
substituents on the carbinol carbon,which can stabilize or destabilize 
the alkoxide anion. The electron donating methyl groups lower 
the acidity while an electron withdrawing substituent such as the 
phenyl ring in benzyl alcohol would increase the acidity. 

Whatever the correct explanation, it was obvious that 
4-methoxy-1-phenyl-1-butanol could not be prepared in high yield 
by the selective monomethylation of 1-phenyl-1 ,4-butanediol. 


Accordingly the procedure was abandoned. 
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(b) Attempted preparation of 4-methoxy-1-phenyl-1-butanol from 











methyl 6 -benzoylpropionate. 

The next reaction sequence proposed for the preparation 
of 4-methoxy-1-phenyl-1-butanol is shown in Scheme 46 starting 
from methyl g-benzoylpropionate. 


O 
i eae 
C4H,-C-CH2-CH,—COOCH, sacar a gHs — G70 


CH,CH,COOCH, 
LiAlH, 
nt NaH 
C,H.— 
D5 CH.1 > 
H,CH,CH,0CH, DME | 
CH,CH,CH,0H 
1, H,0/H® 
ta NaBH, 
Gru O ‘ 
aS H OCH, 


(DME = 1 ,2-dimethoxyethane) 
Scheme 46 
However , difficulty was encountered in the first step since 


the formation of the ethylene glycol ketal did not take place . This 
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was shown by the infrared spectrum of the recovered material 
which was identical to that of the starting material showing two 
bands for carbonyl absorptions. No explanation could be proposed 
for the lack of reaction since Pinder and Smith (73) had been able 
to prepare the ethylene glycol ketals of acetophenone and a number 
of substituted acetophenones. Hence the sequence was abandoned. 
(c) Attempted preparation of 4-methoxy-1-phenyl-1-butanol from 
y-butyrolactone. 

The proposed reaction sequence for the preparation of 


4-methoxy-1-phenyl-1-butanol from Y-butyrolactone is shown in 








Scheme 47. 
a L Hs i a 
O OCH, 
“ of na® 
H3 
C,H 
Cre OH. OCH, ° 5 


(DME = 1,2-dimethoxyethane) CH, 
Scheme 47 
The initial formation of the 4-hydroxybutyric acid was 
reported in the literature (74) and was carried out successfully in 


the present work. The methylation procedure, however, did not 
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proceed as proposed since no identifiable material could be isolated 
readily. A definite explanation was lacking but recyclization to 
the lactone may have occurred in the presence of methyl iodide. 
The lactone could then react with sodium hydride resulting in 


several side reactions, as shown inScheme 48. 


No at (. es 


+ ENal 


@ OCH 


© 
Side Re actions<—___. Goi i NaH _ | eS 
O 


XS) 
Scheme 48 + Na OCH; 


(d) Preparation of 4-methoxy-1-phenyl-1-butanol from ethylene 
glycol monomethyl ether. 

The synthetic sequence which finally proved to be 
successful for the preparation of 4-methoxy-1-phenyl-1-butanol 
is outlined in Scheme 49. 

The preparation of 4-methoxybutyric acid was based on 
the work of Palomaa and Kenetti (75) and all the steps proceeded 
in good yields. The reaction of the acid with phenyl lithium 


followed by sodium borohydride reduction gave the desired product. 
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PBr3 
CH,OCH,CH,OH =————-_> CH-0-CH, CH,—Br 
Na °CH(COOC,H,), 
DME 
1.KOH, 
HO 
CH 3 O-CH? CH CH, COOH<—~—— CH, - O- CH, CH, CH(COOC3 Hi), 
2. HA 
Pee C/A, hi 
2. | HO 
O 
|| NaBH, 
CH;-O-CH,—CH,—CH,—-C-C ,H, ——_ > eR 
or gee OT 


(DME = 1 ,2-dimethoxyethane) 
Scheme 49 

The physical constants of the three hydroxy ethers prepared 
as described above are listed in Table 8. 

3. Synthesis of 4-Benzyloxy- and 4-Aryloxy-1-butanols. 

When it appeared that some endo cleavage had occurred 
during the partial hydrogenolysis of the 2-aryloxytetrahydrofurans, 
it became necessary to synthesize authentic endo cleavage products. 
The benzyloxy compound was prepared quite simply but the aryloxy- 
butanols could not be prepared in the same faenien and several 
attempts were made before a successful synthesis was found. 


(a) Preparation of 4-benzyloxy-1-butanol from 1 ,4-butanediol. 





The compound 4-benzyloxy-1-butanol was prepared by the 


monobenzylation of 1,4-butanediol. This was a modification of the 
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method of Diner and coworkers (71) involving the addition of one 
equivalent of sodium hydride to the diol in the presence of benzyl 


chloride as shown in Scheme 50. 


Li ahe NaH (1 equiv.) nS bi 
cota & DME H 
(DME = 1 ,2-dimethoxyethane) 


OCH,C;,He 


Scheme 50 

The physical constants agreed with those found for the 
Same compound by Eliel and coworkers (4) (Table 8). 
(b) Attempted synthesis of 4-aryloxy-1l-butanols from 4-chloro-1- 
butanol. 

Two procedures starting with 4-chloro-1-butanol were 
attempted for the synthesis of the 4-aryloxy-1-butanols neither 
of which proved to be successful. The first was that used by Eliel 
and coworkers (4) and by Miss Makhubu (5) to prepare the 4-alkoxy- 


l1-butanols and is outlined in Scheme 51. 


aor er meee 


1. RO°Na® 
2. H,O/H® 


(R = alkyl) 


Scheme 5] 
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Although Miss Makhubu was able to get small amounts of the 4- 
alkoxy-1-butanols by this method, only a very bad mixture of 
products was found on g.l.c. analysis of the product mixture, when 
sodium phenoxide was used as the nucleophile. 

The second procedure, using 4-chloro-1-butanol, involved 
a direct reaction between sodium phenoxide and 4-chloro-1-butanol 


as shown in Scheme 52. 


RONa’ 
| | “pME > ae + OROM - iNaci [+ | | 
Cll s0H 


Ono > OR 


small 
(R = aryl) amount 


(DME = 1 ,2-dimethoxyethane) 
Scheme 52 

Gas liquid chromatography of the products obtained from 
the reaction showed that only a small amount of the hydroxy ether 
was formed. Hence, this was also an unsatisfactory method. A 
reaction seemed to have taken place since sodium chloride had 
formed, but the reaction could have been a cyclization to form 
tetrahydrofuran in the presence of a base. Phenol was, in fact, 
found in reasonable yields (by g.l.c.) but any tetrahydrofuran 
which may have been formed was no doubt lost during the elimination 
of 1 ,2-dimethoxyethane solvent in the isolation procedure. This 


sequence was abandoned without further study. 
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(c) Attempted preparation of 4-aryloxy-1l-butanols from 4-benzyloxy - 
1-butanol. 

The conversion of the 4-benzyloxy-1-butanol to the chloro, 
bromo or tosyl compounds followed by Soridencaticn with sodium 
phenoxide was another attempt to prepare the 4-aryloxy-1-butanols. 
The benzyl group would then be removed by reductive cleavage with 


sodium in liquid ammonia as shown in Scheme 53. 


u O —CH )C¢He xX OCH C¢ Hz 
El. s Na/NH3 ea 
O O— C,H, P OCH2C6Hs5 
H 
Cals 
Scheme 53 


Difficulty was encountered at the first step of the substitution 
of the hydroxyl group by bromine since the use of PBr, resulted in 
the production of sufficient acid to cleave the benzyl ether function. 
The odor of benzyl bromide was clearly apparent. The method of 
Hooz and Gilani (76) was therefore used to prepare the chloride in 
a 68% yield but the subsequent reaction with sodium phenoxide was 


unsuccessful. Similarly, the tosylate was prepared in 81.5% yield 


but the reaction with sodium phenoxide did not yield any of the 
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desired product. This procedure was therefore abandoned, 


(d) Successful preparation of the 4-aryloxy-1-butanols from 1 ,3- 











dibromopropane. 
ee 





Marvel and Tanenbaum (77) in 1922 reported the preparation 
of ethyl 4-phenoxybutyrate from 1 ,3-dibr omopropane as shown in 


Scheme 54, 








© 
Br—CH2CH,CH,—Br ay > BrSCH,CH,CH7-O-C/He 
] equiv. 
NaCN 
je 
_€2H50H 
C,H,O-CH,CH,CH,COOEt < —— CgH,O-CH, CH, CH, C=N 
H,O 
1 
Scheme 54 


The ester produced in this fashion was then reduced using 
LiAlH, giving the desired 4-phenoxy-1-butanol as shown in Scheme 
55. The complete series of 4-aryloxy-l-butanols was prepared 


in this way starting with the other substituted phenols. 


LiAlHy 77 
C,H,-O-CH, CH, CH,COOEt —> 
j H 


Scheme 55 





O-— CoH, 


The physical constants of the authentic 4-benzyloxy- and 


4-aryloxy-1l-butanols are listed in Table9. 
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E. Hydrogenolysis of the Tetrahydrofuranyl Acetals. 











The first hydrogenolyses of the present work were carried 
out following the procedure described by Leggetter and Brown (1) 
and used by Miss Makhubu (5). This pi fie involved a prior 
mixing of the acetal with one molar equivalent of LiAlH, in an ether 
solution followed by the dropwise addition of an ether solution of 
one molar equivalent of AlCl,. As noted by Diner, Davis and 
Brown (16), this procedure results in the acetal coming into contact 
first with the AlH,3 species. However, the AlH3 reacts only slowly 
with the acetal and it is quickly converted to A1C1H, when the full 


molar equivalent of AlCl, is added. Hence, it is the A1C1H, species 


| 
which causes most if not all of the reduction. 

Shortly after the start of this work, a second hydrogenolysis 
procedure was adopted. This gave results identical to those 
obtained from the first method but was preferred since it allowed 
only one aluminum species to be present throughout the reaction. 
This second method as described by Diner (7) involved a prior 
mixing of equimolar amounts of LiAlHy, and A1Cl3 in dry ether to 
form the AlC1H, species. The acetal was then added dropwise to 
this aluminum hydride solution. 

Reduction of the 2-aryloxytetrahydrofurans proved to be an 
extremely fast reaction, being complete within 10 minutes. Itis 


possible that some of this reduction may have been caused by the 


AlH3 when the first method was used since AlH, does provide a 
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substantial amount of reduction if the substrate is very reactive. 
Although there was no difference in the products formed from the 
two procedures , the second procedure ensured that only AICI1H, 
was the reducing species. Another advantage to the second 
procedure was that the two vigorous reactions of the mixed hydride 
formation and the acetal reduction were not occurring at the same 
time. Hence, the acetal could be added to an excess of the reducing 
species in a shorter time than was possible for the addition of the 
A1C13 solution to the LiAlH,-acetal solution. 

The work-up procedure was also slightly modified from 
that used by Leggetter and Brown (1) and Makhubu (5). Instead of 
the addition of an excess of water followed by a continuous extraction 
of this aqueous solution for six to twelve hours, a small amount of 
15% aqueous potassium hydroxide was added slowly until a white, 
flaky precipitate separated. The formation of this white lithium 


aluminate (LiA1O,) had previously been found to be a preferred 


2) 
method for working up LiAlH, reduction reactions (73) 4 Lhe 
precipitate then was simply separated by filtration and the ether 
removed by fractional distillation giving yields of recovered 
material of between 80 and 100%. 

Since small amounts of acetal were usually used in the 
reduction, the product mixtures were analyzed by gas liquid 
chromatography, comparing the retention times of the products 


with those of authentic materials. If there was ever any doubt as 


to the identity of a compound, it was isolated by preparative g.l.c., 
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not by distillation, and its spectra and physical constants compared 
to those of authentic material. However, little difficulty was ever 
encountered in identifying the hydrogenolysis products from the 
tetrahydrofuranyl acetals since there were at most only three 
possible cleavage products if the reduction went in the normal 
fashion. In all cases only two or three products were found after 
reduction. Difficulty arose only in the case of the 2-aryloxytetra- 
hydrofurans where a rearrangement was prank to occur under 
certain conditions. A similar rearrangement was not found for 
any of the acetals with C-2 alkoxy substituents. 

The relative peak areas of the hydrogenolysis products 
found on g.l.c. were used to determine the product ratios, with 
no corrections applied. The difference in peak size for equimolar 
amounts of two hydrogenolysis products was checked in a number 
of cases using equimolar amounts of the two authentic hydrogenolysis 
products (for example, tetrahydrofuran and phenol from 2-phenoxy- 
tetrahydrofuran). Inthe cases checked, there was found to be at 
most a 10% variation in peak size and normally the variation was 
within 5%. Hence, correction of the peak size to give amore exact 
indication of the molar ratios of products was not necessary. 

The mechanistic scheme used by Miss Makhubu (5) to 
rationalize the results of the reduction of the tetrahydrofuranyl 
acetals was based on the mechanism proposed by Leggetter and 


Brown to explain the hydrogenolysis of 1,3-dioxolanes (1). The 
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Same mechanism was also used by Diner and Brown (3) to explain 
the hydrogenolysis of the tetrahydropyranyl acetals. It is shown 
in Scheme 2 (n = 1 or 2). One modification to this scheme is 
included in the mechanism to be used in the present work. This 
involves Ben eide cation of a transition state between the complexation 
of the aluminum species with the acetal and the carbonium ion 
formation. The mechanistic scheme incorporating the transition 
state or activated complex is shown in Scheme 56. 

The transition state is depicted with a partial bond being 
formed between the oxygen and aluminum and a partial bond being 
broken between the oxygen and carbon. The adjacent oxygen is 
also shown to be assisting in the stabilization of the positive charge 
being formed. 

That the transition state was important in explaining the 
hydrogenolysis results was pointed out by Eliel and coworkers (4) 
as a modification to the mechanism of Leggetter and Brown (1). 
The energy profile for the two possible paths of reduction of the 
tetrahydropyranyl acetals proposed by Eliel and coworkers (4) is 
shown in Figure l. 

Positions I and I' correspond to the intermediate oxocar- 
bonium ions while T; and T;' correspond to the transition states 
leading toI and I' respectively. In Figure 1, the relationship of 
T; being of lower energy than T;' will hold when R is a relatively 


strong electron donating group such as i-C3H7 or t-C4Ho. 
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Since 1965, when Eliel and coworkers (4) proposed the 
energy profile diagram, some new information has been obtained 
by various workers which requires a modification of this diagram 
if it is to represent all of the known facts. These points are 
listed here: 

(i) Leggetter and Brown have found that the rate of reduction 
of the carbonium ion from 2 ,4-dimethyl-1 ,3-dioxolane was much 
faster than the rate of isomerization (and presumably theretore 
of the cyclization of the acetal (19). There should be very little 
difference in the steric approach of the hydride to the carbonium 
ions formed from the tetrahydrofuranyl acetals and the 1 ,3-dioxo- 
lanes because of their similar structure. Hence, the results of 
the fast reduction of the 1 ,3-dioxolanes may be extrapolated to 
apply to the reduction of the tetrahydrofuranyl acetals. The 
transition state T;; is therefore a very low energy transition state 
compared to T; and similarly, T;;' should be at a lower energy 
state than is qT, ; 

(ii) Diner and Brown (3) and Makhubu (5) have proposed a 
fast initial complex formation between the acetal and the aluminum 
species which can easily decompose to the starting materials with- 
out producing the intermediate oxocarbonium ion. This is sub- 
stantiated in the studies of the basicities of ethers which have 
shown that both cyclic and acylic ethers can form complexes with 
BF, (26), protons (27) and SnCl, (32). Hence,the complex between 


the acetal and the aluminum species should be included in the energy 
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profile diagram as a low energy intermediate with only a low energy 
of activation required for its formation. 

(iii) These basicity studies (26, 27, 32) have shown that 
the tetrahydrofuran oxygen is more "basic" than is the oxygen atom 
Or the acychc ethers, his, therefore, requires that the inter- 
mediate complex at the ring oxygen be of lower energy with a lower 
energy of activation for its formation than is required for the 
corresponding complex at the exo oxygen. 

(iv) It may also be postulated that the stronger complex 
formation at the ring oxygen will result in a more advanced state 
of breaking of the C,—0O, bond. Hence, the stronger the complex 
formation, the lower is the energy of the transition state leading 
to the oxocarbonium ion. The postulation is substantiated in the 
_present work. A strong complex formation between AICI, and 
the 2-aryloxytetrahydrofurans sufficiently lowers the transition 
state energy to oxocarbonium ion formation, that a very fast 
cleavage of the acetal takes place. It is likely that a strong 
complex formation stretches the C-O bond to such an extent that 
very little energy is required to complete cleavage of the bond. 

(v) Ashby and Prather (6) have shown that the reducing 
species involved in the reductions using equimolar ratios of LiAlH, 
and AlCl3 is AICIH,. This aluminum species is Luererore, the 
Lewis acid as well as the reducing species in the hydrogenolyses 


carried out in the present work. Eliel and coworkers (4) used a 
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metal (nGlar ratio of AIC], and LiAlH, which would result in a 
4to 1 ratiosof AlC1,H and AlCl. in the reaction solution. Hence, 
some of the carbonium ion formation, as indicated in their energy 
profile diagram , may have been caused by AlCl, alone, 

These facts are incorporated in the energy profile diagram 
shown in Figure 2 where R = t-C4Hg or i-C3H7. The two possible 
paths of cleavage shown in Figure 2, path A and path B, correspond 
to path A and path B in the mechanistic sequence outlined in Scheme 
SoH =a). Path Bis implied to be the’ most favorable direction 
of cleavage with the lowest energy intermediates. This would be 
expected for all cases in which the substituent R is an alkyl group, 
since Miss Makhubu found exclusive ring cleavage for all of the 
2-alkoxytetrahydrofurans. However, the energy diagram in 
Figure 2 is suitable only for the hydrogenolysis of the 2-alkoxy - 
tetrahydrofuran when R = t-C4Hg or i-C3H7. The case of R = CH3 
is shown in Figure 3. 

When R = CH, I,; should be of higher energy than L'. 
This is a result of the smaller inductive effect of the methyl group 
stabilizing the oxocarbonium ion from endo cleavage compared to 
the stabilizing effect of the ethyl residue (C4-Cz) of the ring on the 
oxocarbonium ion from exo cleavage. In this latter case of R = CH3, 
it is the strong complex formation at the ring oxygen which sufficient - 
ly lowers the energy of T;; relative to T;;' allowing only Ltoipe 


formed, This is shown in Figure 3. 
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The relative energies of the various intermediates will 
obviously be different for other molecules and the two energy 
diagrams included here are only for the cases specified. 

Except for the added details, there is very little difference 
between the mechanism outlined in Scheme 56, and that of Leggetter 
and Brown (1) shown in Scheme 1. The main difference arises from 
the realization that it is the rate of attaining the transition states 
ee and Dee , and not the rate of formation of the oxocarbonium ion 
which determines the rate and direction of reaction. The relative 
energies required to approach the two possible transition states | 
determine which direction of cleavage, either €xo or endo, will 
take place. This is really only a difference in terminology since 
from the Hammond postulate (79) the intermediate oxocarbonium 
ions, being relatively unstable intermediates, closely reflect the 
energies of the corresponding transition states. Hence, when the 
rate of formation of either the oxocarbonium ion intermediate or 
the transition state is discussed,the rate of formation of the other is 
automatically implied. 

1. Hydrogenolysis of cis-trans Mixtures of the 5-Substituted-2- 
alkoxytetrahydrofurans, * 

Miss Makhubu synthesized and hydrogenolyzed the 5-methyl- 
and 5-methoxymethyl-2-methoxytetrahydrofurans to determine what 
effect the substituents at C- 5 of the tetrahydrofuranyl acetals would 
have on the direction of hydrogenolysis. The results are summarized 


iit. aple 10. 





* In all cases, cis-trans mixtures of the acetals were hydrogenolyzed. 
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TABLE 10 
Hydrogenolysis of cis-trans Mixtures of the 5-Substituted-2-methoxy- 


tetrahydrofurans with a 1 to 1 Mixture of LiAlHy and A1Cl,.* 

















R OW Gh; 
ue ee Pe ete eee 
oe — — 143 : in eo 
RAS Reduction Time(hr) Recovery (%) as % of product 
] 
CH, oz 80 60 40 
CH3-O-CH)- aes 93 0 100 


4 





*Taken from the work of Miss Makhubu (5). 


The introduction of a methyl group at C-5 resulted in 60% 
side chain cleavage and only 40% ring cleavage, in contrast to the 
100% ring cleavage found for the unsubstituted 2-methoxytetrahydro- 
furan (5). The increase in exo cleavage could be attributed to both 
the steric and polar effects of the methyl group. It could be 
sterically shielding the ring oxygen from complexation with the 
aluminum species, an explanation similar to that given for the 
lower basicity of the 2-methyl- and 2,5-dimethyltetrahydrofuran 
compared to that of tetrahydrofuran (27, 32). 

The polar effect can best be explained using the method of 
Diner (7) which divides the acetal through the anomeric center and 


considers the inductive contributions of the substituents stabilizing 
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the two possible carbonium ions. This is.shown in Scheme 57. 


ee 


CH CH; Bie AlclH, 
ict 


ra AICIH, 


B Scheme 57 


The oxocarbonium ion resulting from endo cleavage 
(Scheme 57-B) is stabilized by the inductive effect of only a methyl 
group. On the other hand, there is effectively an isopropyl group 


stabilizing the oxocarbonium ion from exo cleavage (Scheme 57-A). 





Inductive effects are considered to be effective over a distance no 
greater than two carbon atoms along a chain. The strong basicity 
of the ring oxygen even though slightly decreased by the methyl 
substituent (27, 32) still results in the formation of some endo 
cleavage product. This occurs in spite of the higher stability 
predicted for the carbonium ion from exo cleavage. 

In an attempt to differentiate between steric and polar 
effects, the 5-methoxymethyl-2-methoxytetrahydrofuran was 
hydrogenolyzed by Miss Makhubu and found to give exclusively ring 
cleavage (Table 10). The methoxymethyl group should present at 
least as great a steric bulk as the methyl group. Hence, if the 
substituents at C-5 were sterically directing the reaction, similar 
results would be expected for the 5-methyl- and 5-methoxymethyl- 


2-methoxytetrahydrofurans. This obviously was not the case. 
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However , the polar effect of the electron withdrawing 
methoxymethyl group can explain the results. Again using Diner's 
method described above, the oxocarbonium ion from exo cleavage 
(Scheme 58-A) is destabilized relative to the oxocarbonium ion 
from endo cleavage (Scheme 58-B). On this basis endo cleavage 
is favored by the C-5 methoxymethyl group, and this is precisely 


what is observed. 


AD dled ah b 
CHS O+CH, 


i 
AICIH, = 2 
ae errs 
bie oer CH 
+ AICIH, 
A B 
Scheme 58 


Miss Makhubu's results from these two hydrogenolyses 
pointed to a polar effect of the substituents at C-5 directing the 
course of hydrogenolysis. However, she was not able to synthesize 
and study the hydrogenolysis of any of the at Stet possessing a more 
bulky substituent at C-5. 

In the present work, cis-trans mixtures of the three new acetals 
were synthesized, having respectively the isopropyl, t-butyl and the phenyl 


groups at C-5. These new acetals were hydrogenolyzed. As well, the 
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hydrogenolysis was repeated on those two compounds reported by 
Miss Makhubu. The results are shown in Table 11. 

The results in Table 11 clearly show that as the size of 
the substituent at C-5 increases through the series R' = CH3, 
i-C3H-7, t-C4Hg, the amount of exo cleavage increases from 60 to 
86 to over 99%. This gradient towards more side chain cleavage 
as the substituent increases in size can be explained in terms of 
either a steric or a polar effect of the Sibscimant. or by both effects 
operating together. 

The steric shielding of the ring oxygen atom by the 
substituent on C-5 may force the complex formation and subsequent 
reduction to take place at the exo carbon-oxygen bond. This would 
be expected to increase as the size of the substituent group increases 
and the observed results are in agreement with this explanation. 

An explanation similar to that given using Diner's method 
in Scheme 56 for the polar effect of the C-5 methyl group can be 
formulated for the C-5 i-C3H7 andt-C4Hg groups. Both of these 
groups are electron donating and will stabilize the oxocarbonium 
ion formed from exo cleavage. Since the inductive effect of the 
substituents should increase in the order of CH3 <i-C3H7 c t-C4Hg > 
there should be a corresponding increase in the stabilization of the 
oxocarbonium ion formed from exo cleavage (Structure 5). This 
would result in an increase in exo cleavage when the C-5 substituent 
(R', Structure 5) was changed from CH3 to i-C3H7 to t-C4Hg. This 


is also in agreement with the observed results. 


and . 
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Structure > 

Since both effects would operate in the same direction, it 
is possible that both are operating simultaneously in the C-5 alkyl 
substituted acetals. However, the above information does not 
indicate which effect is predominant or whether one of them can be 
eliminated. 

Additional information was provided by the following 
observations. When the hydrogenolysis of 5-methoxymethyl-2- 
methoxytetrahydrofuran was repeated in the present work, 6.5% 
exo cleavage was found. This was a slight change from the results 
of Miss Makhubu who reported exclusive endo cleavage. However, 
this was only a minor change and endo cleavage still predominated 
to an extent of 93.5%. A repetition of the hydrogenolysis of 
5-methyl-2-methoxytetrahydrofuran confirmed the 60 to 40 exo to 
endo cleavage ratio found by Miss Makhubu when 62.5% exo and 
37.5% endo cleavage was found. 

The phenyl group at C-5 also exerts an electron withdrawing 
effect but is of greater bulk than is the C-5 methoxymethyl substit- 
vent. The A values, determined in the cyclohexane system, are 
2.1 to 3.0 kcal/mole for a phenyl group and 1.8 to 2.5 kcal/mole 
for an isopropyl group (24-b). This indicates that the phenyl 


group has a steric effect at least as large if not larger than that of 
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the isopropyl group. If the reductive cleavage is being directed 
by the steric effect of the C-5 substituents , then both the 5-iso- 

pr opyl-2-methoxytetrahydrofuran and 2-methoxy-5-phenyltetra- 
hydrofuran should be hydrogenolyzed in the same direction. How- 
ever, if a polar effect is operative, then, since the isopropyl 
group is electron donating while the phenyl group is electron 
attracting , the former compound should experience preferential 


exo cleavage while the latter should show preferred endo C-O bond 





cleavage. 

When 2-methoxy-5-phenyltetrahydrofuran was hydrogen- 
olyzed, an 84.5% yield of endo cleavage product was found, just 
the opposite direction of cleavage as was found for the 5-isopropyl- 
2-methoxytetrahydrofuran (Table 11). Hence, as in the case of the 
C-5 methoxymethyl and C-5 methyl acetals, this requires that the 
predominating influence which determines the direction of hydrogen- 
olysis is the polar effect rather than the steric effect of the C-5 
substituent. 

Although the polar effect seems to be the principal direct- 
ing influence, the steric effect must be playing some role in direct- 
ing the reaction. This was concluded from the observation that 
some exo cleavage product was found in the hydrogenolysis mixture 
of both the 5-methoxymethyl-2-methoxytetrahydrofuran and 2- 
methoxy-5-phenyltetrahydrofuran. The strong basicity of the ring 
oxygen, the electron withdrawing nature of the C-5 substituents 


and the possibility of association of the aluminum species with the 
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C-5 substituent all favor endo cleavage. Therefore, there is only 
one possible explanation for the presence of some exo cleavage. 
That is, that the steric bulk of the substituent must be sufficient 
to force 6.5% of the aluminum complexation and subsequent 
cleavage to involve the exo oxygen in the case of the C-5 methoxy- 
methyl acetal, and 15.5% in the case of the C-5 phenyl acetal. 
‘The steric and polar effects of the C-5 substituent are therefore 
operating simultaneously along with the ring oxygen basicity factor. 
In order to investigate further the magnitude of the steric 
effect of the C-5 substituents in the absence of a polar effect, the 
2-isopropoxy-5-methyltetrahydrofuran was chosen for hydrogenolysis. 
This compound would provide an isopropyl group on the exo oxygen, 
the polar effect of which is balanced by the inductive equivalent 


of an isopropyl group attached to the endo oxygen (Scheme 59-A and 
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Hence, only the steric effect of the C-5 methyl group and the strong 
basicity of the ring oxygen should be operative. The results are 


shown in ‘“lable*I2. 
es Eo tabu 2 


Hydrogenolysis of a cis-trans Mixture of 2-Isopropoxy-5-methyl- 


tetrahydrofuran with an Equimolar Mixture of LiAlH, and Al1Cl3. 


vlc an j 
| | er AICIH ine 
whe 
CH ee > CHO 














3 CH; 
Time (h) ~ Recovery % A ructire p-: % Reduced 
Tey as 7 of product 
3 80 6.8 9354 100 





The strong ring oxygen basicity is still the predominant 
effect causing 93% endo cleavage of the 2-isopropoxy-5-methyl- 
tetrahydrofuran. The remaining 7% of exo cleavage must be 
attributed to the presence of the C-5 methyl oe since no exo 
cleavage was found for the unsubstituted 2-isopropoxytetrahydro- 
furan (5). It was found in the case of the 2-ethoxytetrahydrofuran 


that the balancing of the polar effect was not sufficient to cause any 
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exo cleavage. Therefore, it must be the steric effect of the methyl 
group which forces 7% of the reaction to occur at the exo oxygen 
since there is no other effect which can explain its occurrence. 

Diner and Brown (3) mentioned the possibility of partial 
complexation or association between the oxygen of the methoxy- 
methyl group and the aluminum species in close proximity to the 
tetrahydropyran ring oxygen. This was one possible explanation 
for the predominant endo cleavage found for the 6-methoxymethyl- 
2-methoxytetrahydropyran. However, Diner and Brown concluded 
on the basis of other results that the polar effect of the substituent 
was the predominant directing influence in this case and that the 
association factor was only of minor importance. Since no 
evidence was given to disprove the association theory, the possibil- 
ity of an association as is shown in Structure 6-a may occur in the 
case of the 5-methoxymethyl-2-methoxytetrahydrofuran causing 
at least some of the predominantly endo cleavage. 

There is also a possibility of partial complexation of the 
v-electron system of the C-5 phenyl group with the aluminum 
species as shown in Structure 6-b. The strength of such a +-com- 
plex is not known but that such a complex does occur is supported 
by the solubility of AlCl, in benzene. Structures 6-a and 6-b show 
complexation occurring simultaneously at both the substituent and 
the ring oxygens which would require five valence orbitals on the 


aluminum. This is unlikely and it is most likely that there is a 
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fast equilibrium between complexation at the two centers mentioned, 


as well as at the exo oxygen, as is shown in Scheme 60. 
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Scheme 60 


It would have been desirable to find a substituent which, 
while being electron withdrawing , would not complex with the 
aluminum species or be reduced by the hydride species. Two 
possibilities which were considered were CF 37 and CCl,- groups, 
but both were discarded since the halogen atoms would complex with 
the aluminum species quite strongly. No other substituent could 
be found, and this made it impossible to study the effect of an 
electron withdrawing substituent without the complication of complex 
formation. 


An attempt was made to determine the extent of complexing 
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between the aluminum species and the C-5 substituent by carrying 
out a number of reductions with Fane This nonchlorinated 
aluminum species is the weakest Lewis acid of the series AlH3 < 
A1C1H, ¢ AlC1,H and it should not complex as strongly with the 
acetal as does AICIH,. It was proposed that if the ease of complex 
formation was decreased, there might be a decrease in the amount 
of complex formation taking place at the endo oxygen. This would 
allow the steric effect of the phenyl and methoxymethyl groups to 
become more pronounced. In other words, the weaker complex 
formation would not assist the oxocarbonium ion formation and 
this would result in a greater energy being required to reach the 
transition state for oxocarbonium ion formation. Hence, the 
relative ‘stabilities of the oxocarbonium ions and the steric effect 
of the C-5 substituent would become more important. A variation 


in the exo to endo cleavage ratios using Al, and A1CIH, might 





result. 

The two acetals, 2-methoxy-5-phenyltetrahydrofuran and 
5-methoxymethyl-2-methoxytetrahydrofur an,were hydrogenolyzed 
with AlH,, giving the results in Table 13. 

| It is immediately obvious from Table 13 that the reduction 
with AlH, is slower than with AICIH,. This is in agreement with 


the explanation that AIH, forms a much weaker complex than does 


3 


A1C1H, resulting in an equilibrium not favoring complex formation. 


The transition state for oxocarbonium ion formation is far more 
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difficult to attain when AlH, is used since the complex is not strong 
enough to assist the reaction by substantial lowering of the activation 
energy. 

For the C-5 methoxymethyl acetal there is, within 
experimental error, no difference between the endo and exo 
cleavage ratios for reductions using AlH, and A1CIH, (04, Sat Ded no 
for AlH, and.93.5 to 6.5.for A1CI1H,). For the C-5 phenyl acetal, 
however, there is a difference of 6% in the endo to exo cleavage 
ratio using the two aluminum species (78.5 to 21.5 using AlH, and 
84.5 to 15.5 using AICIH,). This is only a very small variation 
and may not be significant. On the other hand, the decrease in 
endo cleavage can be interpreted as indicating a decrease in the 
amount of complexation of the phenyl ring with AlH, as compared 
to AlclH,. This then allows more exo complexation to occur, 
increasing the amount of exo cleavage. 

However, since the variation is so small, no definite 
conclusion can be drawn from this work and no conclusive proof 
for or against the possibility of association at the C-5 substituent 
is thus available from the above results. Only during the study of 
the 2-aryloxy- and 2.-benzyloxytetrahydrofurans was complexation 
between the phenyl ring and the aluminum species found to be very 
important in determining the direction of cleavage. This topic 
‘will be discussed in detail later. However, if complex formation 
is significant enough to affect the direction of reduction in the 


2-aryloxytetrahydrofurans, it should be playing some role in 
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determining the direction of reduction of the 5-substituted-2- 
methoxytetrahydrofurans. 

In summary, the polar directing effect of the C-5 substituents 
appears to be the predominant directing influence in the reductive 
cleavage of the 5-substituted-2-methoxytetrahydrofurans. However, 
the steric effect of the C-5 substituents shielding the ring oxygen 
must play some role, since some exo 5 Sale product is found 
even though all of the other possible directing effects favor endo 
cleavage. The strong basicity of the tetrahydrofuran ring oxygen, 
although decreased by steric shielding from the C-2 and C-5 sub- 
stituents , is still a factor in determining the direction of reductive 
cleavage. The importance of the complex formation between the 
aluminum species and the C-5 substituent could not be definitely 
determined, but from results found with the 2-alkoxytetrahydro- 
furans , the complexation factor was concluded to be operative at 
least to a small extent. 


2. Hydrogenolysis of the 2-aryloxytetrahydrofurans with AlC1H,. 


eee, ee es ee 











Miss Makhubu stated that the direction of hydrogenolysis 
found to occur in the 2-alkoxytetrahydrofurans could not be explained 
on the basis of the inductive effects of the alkyl groups. Instead, 
the results appeared to be in agreement with the view that the strong 
basicity of the ring oxygen caused exclusive association of the Lewis 
acid with the ring oxygen and, consequently, exclusive ring cleavage 


(5). This latter explanation had previously been suggested by 
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Eliel and coworkers (4). However, after their study of the 
hydrogenolysis of four tetrahydrofuranyl acetals , they (4) concluded 
that the steric bulk of the C-2 alkoxy substituents was an important 
directing influence, not the ring oxygen basicity. 

Table 14 shows the data upon which their conclusion was 
based. It must be pointed out that their hydrogenolysis experiments 
were done using a 4 to 1 mixture of AlCl, and LiAlH, while the 
present work and that of Miss Makhubu was carried out with an 
equimolar mixture of those two reagents. The difference in reducing 
species has been shown to have a profound effect upon the direction 


of cleavage (p. 135 below). 


TABLE 14 
Hydrogenolysis of 2-Alkoxytetrahydrofuran with a 4 to 1 Mixture of 


AIG o and dt A lhl; * 











3 + 
| ~+ Sa ae | ras ROH + | e 
O OR O O OR 
A B 

R Time (h) % A %B 

t-C4H9g a ar ace 58 
cyclohexyl 2 15 63 
n~C;His= 2 40 27 


' 4 
C,H,CH, 2 83 





* Taken from the work of Eliel and coworkers (4). 


rr? 
Miss Makhubu found exclusively ring cleavage in the 
hydrogenolysis of four 2-alkoxytetrahydrofurans (Table 15). 


TABLE 15 
Hydrogenolysis of the 2-Alkoxytetrahydrofurans Using al tol 


Mixture of LiAlH, and AlCl32.*** 


SO ree io ROH ele 








A B 

R Time (h) To Ax TB * 
CH, 2 0 86 
C>H, 2 0 82 
i-C,H, 2 0 80 
t-C4H 2 0 86 





* Refers to % yield of the products after distillation, based on 
starting acetal. 


** Only traces of alcohol and tetrahydrofuran showed on g.l.c.. 


*%k Taken from the work of Miss Makhubu (5). 


Since identical results were found for both a small methyl 
group and a bulky tertiary butyl group, the steric effect of the C-2 
alkoxy substituent was considered to be unimportant as a directing 


effect under the conditions employed for hydrogenolysis. Similarly, 
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the stabilization of the intermediate carbonium ion by the inductive 
effect of the alkyl groups could not explain the results. An analysis 
of the directive effect due to the polar nature of the alkyl group is 
best made by using the method of Diner (7). In this method, the 
acetal is divided into two parts at the anomeric center as shown by 
the dotted line in Scheme 61. The stabilities of the two possible 


carbonium ions are then considered. 


x “a i . hel, obi a 


+ AIC1H, eAICIH? 

i Scheme 61 ae 

When R = CH, , the oxocarbonium ion from endo cleavage 
(Scheme 61-B) should not be stabilized to the same extent as is the 
oxocarbonium ion from exo cleavage (Scheme 61-A). The latter 
oxocarbonium ion is stabilized by what amounts to an ethyl group 
on the ring residue and, hence, exo cleavage should predominate. 
When R = C,H, , the inductive effect of the two stabilizing groups 
should just cancel, and exo and endo cleavage should occur in about 
equal amounts. The groups such as R = i-C3H7 and R = t-C4Hg 
should stabilize the oxocarbonium ion from endo l@gvace (Schéme 
61-B) to a greater extent than that from exo cleavage (Scheme 61-A). 


Therefore, if the polar effect of the substituents is the predominant 


directing effect, there should be a gradient from predominantly 
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exo to predominantly endo cleavage in the 2-alkoxytetrahydrofuran 
series as R is changed from CH3 tot-C4Hg. Diner and Brown (3) 
had found such a gradient in the hydrogenolysis of the 2-alkoxy- 
tetrahydropyran series (Table 16). However, sucha gradient was 
not found by Miss Makhubu and the only remaining explanation for 
the exclusive endo cleavage was the overriding ring oxygen basicity. 
This relatively strong basicity is well documented in the literature 


(26492hs: 32). 


TABLE 16 
Hydrogenolysis of the 2-Aryloxytetrahydropyrans Using al tol 


Mixture of LiAlH, and A1C1,*. 


Sale ie Ptheale 




















B 
‘Time (h) Rex covery ( % A oot, Sets cacy 
CH3— 16 82 70 30 
CoH, — 12 85 40 60 
i-C3H7— 205 79 18 82 
t-C4H9— 21 . 88 1B 87 
CgH,— 24 72 100 0 
p-CH3—CgH4— 24 ef! 100 0 





* Taken from the work of Diner (7). 
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To complete this study, a tetrahydrofuranyl acetal with an 
electron withdrawing C-2 substituent was required. Such a group 
would destabilize the oxocarbonium ion from endo cleavage (Scheme 
61-B) relative to the oxocarbonium ion from exo cleavage (Scheme 
61-A). This might create a competition between the polar effect and 
the strong ring oxygen basicity. Eliel and coworkers (4) had 


hydrogenolyzed 2-benzyloxytetrahydrofuran and found that exo 





cleavage predominated to an extent of 83% : However, since their 
results for the other tetrahydrofuranyl acetals did not agree with 
those found by Miss Makhubu(5), the results for the C-2 benzyloxy 
acetal could not be compared with Miss Makhubu's results. 

In order to determine what effect an electron withdrawing 
substituent would have under the reaction conditions used in the 
present work, the 2-benzyloxytetrahydrofuran was hydrogenolyzed 
using AlIC1IH,. A number of 2-aryloxytetrahydrofurans were also 
hydrogenolyzed since Diner and Brown (3) had found that an aryl 
group apparently exerted a very strong polar effect, giving 
exclusively exo cleavage in the 2-aryloxytetrahydropyrans (Table 
L6)}« 

The results from the hydrogenolysis of the 2-aryloxy- 
tetrahydrofurans are listed in Table 17 along with the results for 
the hydrogenolysis of 2-benzyloxytetrahydrofuran. 

The results shown in Table 17 show that exo cleavage 


occurs exclusively for all of the 2-aryloxytetrahydrofurans , 
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regardless of the substituents on the aryl ring. This direction 

of cleavage is opposite to that observed for the 2-alkoxytetrahydro- 
furans (5)* Since the phenyl group has been shown to be at least 
as bulky as the isopropyl group (24-b), the 2 ,6-disubstituted phenyl 
rings should sterically shield the exo oxygen to a very consider - 
apie eete rity Therefore, if a steric effect is directing the 
reduction, it would be expected to favor the formation of at least 
some endo cleavage product from the 2-(2 ,6-dimethylphenoxy) - 
tetrahydrofuran. However, since only exo cleavage is observed, 
the steric effect of these substituents is overridden by another 
factor. 

The polar directing effect of the phenyl ring as described 
by Diner and Brown (3), therefore, appears to be the predominant 
directinp’ effect. They assumed that the electron withdrawing 
nature of the phenyl group sufficiently destabilized the oxo- 
carbonium ion from endo cleavage (Scheme 61-B), so that only 
the oxocarbonium ion from exo cleavage (Scheme 61-A) was 
formed. 

However, a study of the Hammett substituent constants , 

o , and the electrophilic substituent constants, m+, reveals that, 
when they are in the para position of the benzene ring, both 


the phenoxy and methoxy groups exert strong electron donating 
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effects. The o values are -0.268 for p-CH,-O- and -0.320 
for p-CgHz -O- (80) which indicate that the phenoxy group in 
fact exerts a larger electron donating effect than does the methoxy 
group. The 2+ constants which give a measure of the 
resonance effect of the substituents are -0.778 for p-CH, -O- 
and -0.5 for p-C¢gHz -O - indicating that the phenoxy group 

still exerts an electr on donating effect although smaller than 

that of the methoxy group (115). Pierce, the phenoxy eroup 
does not exert a strong electron withdrawing effect as proposed 
ae Diner (7) and it can in fact stabilize the oxocarbonium ion 
from endo cleavage. 

If the phenoxy group did exert an electron withdrawing 
effect as Diner proposed, then the electron density on the exo 
oxygen would be decreased and there would be an even greater 
preference for complexation at the endo or ring oxygen. 

Bier cieira: since complex formation at the exo oxygen should 

be less favorable, a slower reduction should be observed for 

the C-2 aryloxy acetals than is observed for the C-2 alkoxy 
acetals. Totest this hypothesis, anumber of competitive 
hydrogenolyses were carried out between the 2-aryloxytetrahydro- 


furans and 2-ethoxytetrahydrofuran. In all cases, there was one 
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equivalent each of the C-2 aryloxy and alkoxy acetals added to one 
quarter molar equivalent each of LiAlH, and AlCl, (Scheme oy ay 
This forms a one half molar equivalent of AlC1H>, which is 
sufficient hydride to reduce only one half equivalent of one of the 
acetals (one quarter of all the acetal present) since normally only 


one of the hydrogen atoms on AICIH> is active as a hydride source. 


0.25 mole LiAlH, 
ee “dg > 
O Aryl Alkyl 


0.25 mole AlCl, 
1.0 mole 1.0 mole 
Scheme 62 

The assumption that only one hydrogen atom of AICIH, is 
active is based on work by H. A. Davis (81) who found that only one 
hydride ion of AlC1H> is donated in the reduction of 1 ,3-dioxolanes 
with A1CIH,. This was attributed to the formation of the alkoxy 
aluminum chloro hydride species shown in Scheme 63-a, in which 
intramolecular complex formation can occur. Complexation with 
another molecule of acetal apparently does not occur and therefore, 
reduction of an acetal cannot be accomplished by the species shown 
in Scheme 63-a. It is interesting to note that this species (Scheme 
63-a) can reduce a free aldehyde since complexation is not as 
important a factor. 


The fact that it was intramolecular complexation which was 


responsible for the limited extent of reduction of the ethylene acetal 
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by A1CIH>2 and not simply the weakened Lewis acidity due to overlap 
of a filled "'p"' orbital on the oxygen (sp? hybrid orbital) with an 
unfilled "p'' orbital on the aluminum (Scheme 63-b) was substantiated 


by the observation, that the species HAIC1OCjHs was sufficiently 
ES 
Files 


reactive to reduce an acetal. 


Cl 
ci 
aan 
; ae Re 
z \ 
Cl 
b 


Scheme 63 

The results for the competitive hydrogenolyses are 
shown in Table 18. 

It was surprising to find that in the first three competitive 
hydrogenolyses shown in Table 18, only the C-2 aryloxy acetals 
were reduced and the 2-ethoxytetrahydrofuran was unaffected. 
Furthermore,the C-2 aryloxy acetals appeared to have been reduced 
completely rather than just to the extent of 50% as was expected 
from the work of Davis (81). This complete reduction of the 
acetal was attributed in part to the in situ formation of HAICIOC (H, 
after the reduction of one molecule of an acetal. This new species 


was still reactive since no intramolecular complexing could occur 
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to prevent complexation with another molecule of acetal. In spite 
of this complicating factor, it was still obvious that the C-2 aryloxy 
acetals reacted much faster than did the C-2 alkoxy acetals regard- 
less of whether there were electron donating or withdrawing sub- 
stituents on the phenyl ring. This was not expected and did not 
agree with the hypothesis that the strong electron withdrawing effect 
of the aryl ring should retard the reduction. 

As a further check on the validity of the view that an 
electron donating group should accelerate the reaction, a competitive 
hydrogenolysis between 2-ethoxy- and 2-t-butoxytetrahydrofurans 
was carried out (experiment 4, Table 18). It was expected that 
the relative ease of attainment of the transition states for the 
cleavage of the two acetals should be reflected in the product ratio 
from the competitive reduction. The results of this experiment 
show that the aluminum species reacts preferentially at the ring 
oxygen in both cases since only ring cleavage products are obtained. 
Of the reduced material, 78% was 4-t-butoxy-1-butanol and 22% 
was 4-ethoxy-1l-butanol. Hence, it is clear that the C-2 t-butoxy 
acetal reacts faster than does the C-2 ethoxy acetal. This can be 
attributed to the fact that the t-butyl group stabilizes the oxo- 
carbonium ion from endo cleavage more than does the ethyl group. 
That is, it lowers the energy required to reach the transition state 


leading to the oxocarbonium ion (Structure 7). 























Cine ‘rill _tcteo8 Yo etiiosionn zedjorm chw nolignalgraan | 
vae: Aa 
§-D alt igdt dugrvdo (lite «ew B , tole grils vig 


= le 
. 


4 7 

. 
5 gletane eoedls S-D. ects iD aneli 29004 ye baoaes 4 
hie 
si9 atow etods vault oaiw 


14 hdh Bae bagoogxe fon acw eldT - gota bynodge 


g 
a 
a 


: pt. : 

7 7 ii a : 
yniwe theiew o'teste got t= wii 1849 eleaboged sat Mite ena 
’ 


Bee 
a or ‘b t S5ie be aso Psi iy 71.6 : nix i¢sa 
} 7 oy 4 ; 


ue ted!) watv odd-do: yilotis i} 20 AVaAs sefrryi 8. aAY - ia Le a 
pag) 


, “OHS 6 . tO & « evel we te ron, se ie ¢ i/OT2 grits nob not $3: af > 
' , ; “ah ~ 


rai vert sd gr ice : 7 t “—e - a - Yi, “4 resewied zz pir 


¢ bbbosque caw ab. Lobe} tasedvedae) tuo debe 


_ = ie 
a y x, 


7“ 
er" 
“A 


ti ac lo InsmvuriaNa to 6846 ota 


Qijpse of? ni bagoolie=s ec bhi y i994 OW 7 afd Yo a 


x 
f= sof os Vilshinetsteta <?o597 eniosqe monticowmle om 


netin $15 «itvbp yg Suavsels gaiz play seqte aeees ited & 
; a 

| , nm ; * ° ' ae am 
as 5-Bbine Joasnsva- { Yaqu Oo-i-2 +4 gr 8 4 taht we LT brews satel 


modud-3t. S-D at 1% Ar 4Held 21 37 , done Soaetag f “ 


od nips eidT - Jleioos yates {+9 oct setae eds. seat 

-oxno of) asablitkieie quats fydod- 3 ais tes tos it ot 

= a MF, - 

fedie-on) eoob det otom ogs rests: gia ork te {mu 
Law f 

sor 


te )4 MOM Ean st wild dosai oO? betin pew vane 


iy eintearste} mot 


TSI 


GH 
oe goatee WOW 
Sale Ee) bain x 


6° AICIH, §© AICI, 


Structure 7 

A polar effect is therefore definitely operative in deter- 
mining the rate of cleavage of the C-2 alkoxy acetals and is 
probably operative in the C-2 aryloxy acetals as well. However, 
in the latter compounds there has emerged yet another factor, 
which overrides the polar effect but still directs the reaction such 
that only exo cleavage occurs. Neither the polar nor the steric 
effects can satisfactorily explain either the direction of hydrogen- 
olysis of the C-2 aryloxy acetals or their rapidity of reaction. A 
factor , which must now be considered, is that of a very fast and 
strong complex formation between the w-electron system of the 
aryl ring and the aluminum species. This occurs in preference 
to the complex formation at the ring oxygen. The aluminum 
species is therefore held in close proximity to the exo oxygen 
facilitating exo cleavage. 

The g.l.c. analysis of the competitive hydrogenolysis 
mixtures (Table 18) on an Apiezon L column showed small amounts 
of a high boiling material which were not present when an excess 
of reducing agent was used, as in the usual 1 to 1 mixture of acetal 


and AICIH,. The high boiling material was initially attributed to 
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the formation of some endocleavage product caused by the 
HAIC1OC¢Hs species. However, it could not be isolated by 
preparative g.l.c. because of the high boiling point, nor by 
chromatography on alumina because of the small relative amounts 
mmathesiaixtiines...s Lheir retention, times.on:g.l1.c.. agreed iquite 
closely to the retention times found for the appropriate authentic 
4-aryloxy-1l-butanols synthesized for comparison. 

However, as will be discussed in detail in section F, these 
high boiling compounds were actually the result of rearrangement 
of the acetal in the presence of the aluminum species. The sub- 
sequent study of the rearrangement revealed that AlCl3 caused the 
decomposition of both the 2-aryloxytetrahydrofurans and 2-aryloxy- 
tetrahydropyrans within 10 minutes to form predominantly the 
phenol and 2 ,3-dihydrofuran (or 3 ,4-dihydro-2H-pyran). This 
indicated that a strong complex was formed between the aluminum 
chloride and the aryl ring. This complex was sufficiently strong 
that it caused an immediate formation of the oxocarbonium ion 
from exo cleavage. Although the complex formation will not be as 
strong with the other weaker Lewis acids (AICIH>), there should 
still be a marked tendency for it to occur and thus lead to exo 
cleavage. 

The 2-benzyloxytetrahydrofuran was found to give 48.5% 
exo cleavage and 51.5% endo cleavage with AICIH,. These results 


(Table 17) are considerably different from those of Eliel and 
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coworkers (4) who found 83% exo and 4% endo cleavage (Table 14). 
In an attempt to explain the discrepancy between these results, 

the C-2 benzyloxy acetal was allowed to react with one-quarter 
equivalent of AlCl, alone for two hours. Under these conditions 
there was obtained a product mixture containing 35.6% of benzyl 
alcohol and 64.4% of unreacted acetal (Scheme 64). Here, as 
with the C-2 aryloxy acetals , complex formation with the benzyl 
group causes cleavage of the acetal although the reaction is slower 
with the C-2 benzyloxy acetal. Eliel and coworkers were working 
with a 4 to 1 mixture of AICl, and LiAlH, which would form a 4 


3 


to 1 mixture of A1C1,H and AlCl,. Since both AICl. and A1C1,H 


3 
are stronger Lewis acids than Al1ClH,, it is possible that the 


predominant exo cleavage of 2-benzyloxytetrahydrofuran may have 


been a result of the large excess of Lewis acid present. 


0.25 eq. AlCl, wy 


2 hours 
CH,C;,H- 
." C,H,CH,OH 


; 
= OCH C,Hs 


With the weaker Lewis acid, AICl1H2, used in the present 


Scheme 64 


work, there would be more of a possibility of an equilibrium 
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between complex formation at the ring oxygen and complex formation 
at the phenyl ring of the benzyl group. This would allow the 


formation of some endo cleavage product along with the exo 





cleavage product. In order to check this hypothesis, the hydrogen- 
olyses of 2-benzyloxytetrahydrofuran were carried out with AlH3 
and AlC1,H. As well, the conditions of Eliel and coworkers (4:1 
mixture of A1C1,H and A1C1,) were also investigated. If the 
strength of the complex formation at the phenyl ring were in fact 
affecting the direction of cleavage, then one might observe a 
gradient from preferential exo to preferential endo cleavage in 
changing from AIC1,H to A1C1H, to AlH,. The results are shown 
an Jisble 19. 

The very weak Lewis acid, AlH,, preferentially complexes 
at the ring oxygen causing endo cleavage. This occurs in spite 
of the electron attracting inductive effect of the benzyl system 
which would be expected to favor exo cleavage. 

It can be rationalized that only a strong Lewis acid can 


form a 7-electron complex sufficiently strong to cause exo 





cleavage. A weak Lewis acid such as Alf, cannot initiate the 
cleavage of the exo C-O bond as quickly as can the stronger 
A1C1,H and AIC1Hz species. Therefore, more complexation is 
allowed to occur at the ring oxygen causing endo cleavage. A 


definite reason for why the preference of reaction at the exo 





substituent should decrease and the preference for reaction at the 
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endo oxygen should increase, when only the Lewis acidity of the 
aluminum species was decreased, could not be found. 

There is, within experimental error, very little difference 
between the results for AIC1,H and for a 4:1 mixture of AIC1,H and 
AlClz. The very small difference between the results in the 
present work (91.3% exo and 8.7% endo cleavage) and those of 
Eliel and coworkers (4) (83% exo and 4% endo cleavage) for the 
4:1I ‘mixture of AICLH and AIC], can be attributed to the difference 
in work-up procedures. 

In the case of AICI, and AICLH, the polar effect of the 
benzyl group destabilizing the oxocarbonium ion from endo cleavage 
relative to that from exo cleavage can be used to explain the sub- 
stantial amount of exo cleavage. However, when Alii, is used, 
only the strong ring oxygen basicity can explain the preferential 
(80%) ring cleavage. The polar effect of the benzyl group might 
be causing some of the 20% exo Cleavages *However, there is still 
a possibility of complex formation at the phenyl ring being the 
reason for all the exo elev ee | Hence, the factor of complexation 
of the Lewis acid at either the ring oxygen or C-2 benzyloxy sub- 
stituent determines the direction of cleavage of 2-benzyloxytetra- 
hydrofuran. 

In summary, the 2-aryloxytetrahydrofurans gave exclusively 


exo cleavage upon reduction with AICIH,. The observation that the 


acetal, 2-t-butoxytetrahydrofuran reacted four times faster than 
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did 2-ethoxytetrahydrofuran was interpreted in terms of a polar 
effect. However, a polar effect could not properly explain the 
observation that the reduction of the C-2 aryloxy acetals was faster 
than was the reduction of the C-2 alkoxy acetals. The results were 
attributed to a strong complex formation between the w-electron 
system of the aryl ring and the aluminum species, which holds the 
species in close proximity to the exo oxygen, thus favoring this 
direction of cleavage. The gradient from preferential exo to 
preferential endo cleavage of 2-benzyloxytetrahydrofuran, as the 
Lewis acid-reducing species was changed from A1CljH to A1CIH, 
to AlH3, was attributed to a different preferential location of 
complexation for each species. The polar effect of the benzyl 
ring was concluded to be of only minor importance. The fast 
reaction between the C-2 aryloxy acetals and AlCl, supports the 
hypothesis of a complex formation between the aryl ring and the 
aluminum species with consequent exo cleavage. 
3. Hydrogenolysis of 2 ,3-dimethoxytetrahydrofuran with A1C1H, 

Diner (7) reported the hydrogenolysis of several 3-sub- 
stituted-2-alkoxytetrahydropyrans for which a number of results 
are shown in Table 20. 

The hydrogenolysis of the 2-alkoxy-3-methoxytetrahydro- 
pyrans was found to be much slower than was the hydrogenolysis 
of the 2-alkoxytetrahydropyrans. This was attributed to the 


electron withdrawing effect of the 3-methoxy group destabilizing 
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the oxocarbonium ions resulting from both endo (Structure 8-a) 


and exo cleavage (Structure 8-b). 





© AICIH 


2 
sed 
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Structure 8 

The direction of cleavage was thought to be determined by 
the predominant or most stable conformation of the tetrahydro- 
pyranyl acetal, coupled with the relative stabilities of the two 
possible oxocarbonium ions determined by inductive effects. The 
stability of the oxocarbonium ion from endo cleavage (Structure 
8-a) should be greater for the 2-alkoxy-3-methoxytetrahydrofuran 
when R = i-C3H7 because of the greater electron donating ability 
of R compared to that of the "'ethyl'' group on the ring residue in 
Structure 8-b. WhenR = C5H,, both of the ions a and b (Structure 
8) should be roughly of equal stability and when R = CH, , the oxo- 
carbonium ion from ws cleavage (Structure 8-b) should be more 
stable since the "'ethyl'' group on the ring residue has a greater 
electron donating ability than the R group in Structure 8-a. How- 
ever, endo cleavage occurred exclusively when R = i-C3H7 or 
C2H,. which was in sharp contrast to the 60% and 82% endo 
cleavage found respectively for the unsubstituted 2 -ethoxy - and 


2-isopropoxytetrahydropyrans. When R = CH, (Structure 8), 60% 


en T 


- wort 


by as 


~ 


oo nloust) ebme Hod m av gaistyeox onal: 
ge me bai) 7 


E LeE8ty sotrorry-- -yxeatts ~S eat saT +% —s ad bte 


Hie 1 


da (dis8 sine 173) ons vealy sash mer : 7 ou we 


| BH Yo AOTIanirettes elds 34 Jn008 90  eahnabeg 


; os 
ovitgubal yd bea ar tsteS eipi Oe ind xap0x0 § 


= . : fy is 
2 fa ‘I oi] ed eee hOtR lysate" > . 23 © techs ot heart 


8 ‘eabae oy 1 shad gig? * iq —s Oh as D tay 



















- on aS a 
4 {g-8 2 rudou et) 2% 


d ) [ 
2 aratou sid ; 
J otvlguorit «aw speveols Yo aoiizextb edt Wh 


7 a i 


exitilidase. svilefa? adt adlw belquog : tateoe ie ns TY 


ia é 


as S ie 
BOL2 OOMD FO 34 Gol entstrod ta: +O Ke. wis 


we 


th hotiaslo reiserg lt to S208 a20d pie 


= A. nec bite viitideta | lgupe w ‘idquoa os 7) 


rt eae : 


7 5. zed subiasy gai ix and oe Oe Kacy Fs aa 


£78 Ss HneoutnH nt ghorg st ott aut 7 Hid 


abie lead this whee ont au sees 


ae = t reas Here ad ‘hasiiadea 









i } 
tw sure 


140 


endo cleavage was found to occur, a figure considerably aieree Grit 
from the 30% endo cleavage found for the unsubstituted 2-methoxy - 
tetrahydropyran, This information clearly indicates that the C-3 
methoxy group has a considerable effect in favoring endo cleavage 
of the 2-alkoxy-3-methoxytetrahydropyrans. 

Diner (7) concluded that anchimeric assistance, or 
neighboring group participation, by the C-3 methoxy group was 
the factor which favored endo cleavage. The assumption that the 
C-3 methoxy group could participate in this manner was based on 
the work of Capon and Thacker (107) who found that D-glucose 


at pica’ soa 


dimethyl acetal hydrolyzed faster (k = 110 x 10° 
than did D-glyceraldehyde dimethyl] acetal (k = 1.77 x 10°* 1 mole7! 
sec7!), However, these results indicated that it was anchimeric 
assistance by the C-4 hydroxyl group in D-glucose (Structure 9-a) 
which was responsible for the accelerated rate of hydrolysis 


observed. Because there is no hydroxyl group so favorably 


situated, anchimeric assistance is not possible in the hydrolysis 


of D-glyceraldehyde dimethyl acetal (Structure 9-b). 
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However, Diner failed to consider the several examples 
which have appeared in the literature and which indicate that the 
primary effect of an «-OCH3 group is to inductively destabilize 
carbonium ion formation at the adjacent carbon. Speck and 
coworkers have shown that the rate of hydrolysis of ¢-methoxy- 
acetaldehyde dimethyl acetal (k = 2x 10-4 1 mole~! sec’/) is 
significantly slower than that of Heceaidenyde dimethyl acetal 
(k = 0.2541 aore> + sec7l) (108). Similarly , Béhme and Sell 
have shown that the rate of hydrolysis of g-chloroethyl ethyl: ether 
(ki): 1x 107F 1 mole~!sec7!) is significantly slower than the rate 
of hydrolysis of p-chloroethyl ethyl thioether({k = 1.7x 107! 1 mole7! 
sec7!) (109). Winstein and coworkers have shown that there must 
be at least a small extent of methoxy group participation in two 
separate reactions in which retention of configuration was found 
during the replacement of a bromine atom with an acetate group. 
The reaction of threo (or erythro)-2-bromo-3-methoxybutane with 
silver acetate in acetic acid gave 3-methoxy-2-butyl acetate with a 
significant retention of configuration (110). Similarly, trans-1- 
bromo-2-methoxycyclohexane gave trans-2-methoxycyclohexyl 
acetate (110). However, it was pointed out that very little 
participation by the methoxy -group was required for the retention 
of configuration to occur since there appeared to be little nucleo- 
philic overlap with the solvent during the transition agate to the 


carbonium ion formation (112). Hence, methoxy group participation 
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occurs only to a limited extent. 

In contrast to these results the rate of hydrolysis of 
2-methoxy-2-methylpropyl brosylate was significantly accelerated 
compared to that of neopentyl brosylate (114). However, a 
rearranged product, isobutyraldehyde , was obtained from this 
reaction (Scheme 65) and two possible explanations have been given 
for the apparently significant participation of the methoxy group in 
this one reaction. The first was that the steric interaction of the 
geminal dimethyl groups was relieved by the epoxide formation 
(112). This is a similar explanation to that given for the faster 
epoxide formation from the more highly substituted chlorohydrins 
(112). The second explanation was that the tertiary carbonium 
ion and the oxocarbonium ion which would be formed after the 
migration of the methoxy group would be much more stable inter - 
mediates than the primary carbonium ion. Hence, while the 
methoxy group must migrate through the epoxide structure, it does 
not necessarily make a significant contribution to the carbonium 
ion stability and the driving force for the reaction is the formation 


of the tertiarycarbonium ion and the oxocarbonium ion (114). 








OCH, OCH, 
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Scheme 65 
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On this basis, it seems unlikely that the participation of 
the C-3 methoxy group is the major directing effect as Diner (7) 
had postulated. He based his entire explanation of the observed 
hydrogenolysis results on the assumption that the C-3 methoxy 
group participated in the reaction as shown in Scheme 66. The 
reaction was postulated to take place predominantly (when R = CH3) 
or exclusively (when R = CoHe and i-C3H7) from the diequatorial 
conformation (Scheme 66-a) with the C-3 methoxy group anchimeric- 
ally assisting ring C-O bond cleavage. No reaction could there- 
fore have taken place from the diaxial conformer except when 
Rae CH, since, according to Diner, exo cleavage must result from 
this conformer in order for the C-3 methoxy group to participate 


(Scheme 66-b). 
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However, if anchimeric assistance were important then 
3-bromo-2-methoxytetrahydropyran should have exhibited some 
reduction. Winstein and coworkers (113) have shown anchimeric 
assistance by a bromine atom to be quite important in some 
solvolysis reactions in spite of the bromine atom's strong electron 
attracting effect. Hence, anchimeric assistance does not appear 
to be playing a very important role and the effect of the C-3 
substituent is primarily inductive in nature. 

Diner (7) showed that the diaxial to diequatorial conformer 
ratio in the trans-2-alkoxy-3-methoxytetrahydropyran was 60:40 
when R = CH, and C,Hs and 53:47 when R = i-C3H7 (Scheme 67). 
Hence , the two possible conformers are of nearly equal energy. 

Scheme 67 shows the possible teat ins at which complex- 


ation can occur in the two conformers. 
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In the diaxial conformation, a considerable increase in 
1 ,3-interaction would arise if the aluminum species were to complex 
with the exo oxygen (Scheme 67-c). Since there would be little 
interference to complexation at the ring oxygen, endo cleavage 
should therefore be the preferred direction of cleavage from the 
diaxial conformer. In the diequatorial conformer, there would be 
an increased gauche interaction with the C-3 methoxy group if 
complexation were to occur at the exo oxygen (Scheme 67-b). 
Here again, there should be no hindrance to complexation at the 
ring oxygen and predominantly endo cleavage results. This 
rationale appears to hold only when R = CoH, and i-C3H- since 
when R = CH, there is a strong inductive effect which favors exo 
cleavage and causes 40% exo cleavage in spite of the steric factors 
just discussed. 

The n.m.r. spectrum of 2 ,3-dimethoxy-6-methyltetra- 
hydropyran obtained by Diner (7) shows a diequatorial to diaxial 


isomer ratio of approximately 60 to 40 (Scheme 68). 


CH 
3 OCH 
3. CH; 
O 
OCH, 
OCH, 
OCH, 
60% 40% 
Scheme 68 


In this case the inductive stabilization of the C-6 methyl 


group on the oxocarbonium ion from exo cleavage (Structure 10) 
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appears to be sufficiently strong to cause exclusively exo cleavage. 
This occurs in spite of the steric factors hindering complexation 
at the exo oxygen discussed above in reference to the 2-alkoxy-3- 
methoxytetrahydropyrans. However, a question remains as to 
whether the effect of the methyl group is entirely polar in nature 
or partly steric as well, Additional workis required to clarify 


this problem. 





ptrucruxe 10 
To study further the hydrogenolysis of the tetrahydrofuranyl 
acetals, the 2,3-dimethoxytetrahydrofuran was prepared and 
subjected to hydrogenolysis. The procedure used to prepare the 
acetal was obtained from a report by Sweet and Brown (82). It 
involved the action of m-chloroperoxybenzoic acid on 2 ,3-dihydro- 
furan in methanol solution, followed by methylation using sodium 


hydride and methyl iodide in 1 ,2-dimethoxyethane solution (Scheme 





69). 
m-C1C4H4CO3H - | Sh 
| eens mea es ae Sg 
,OCH OCH, 


Scheme 69 
The trans isomer was obtained exclusively by this method. 


This pure isomer could be isomerized to an equilibrium mixture 
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of 77% trans and 23% of the cis isomer by stirring in an acidified 
methanol solution. The isomers were separable on g.l.c. and 
identifiable in the 60 Mc n.m.r. spectrum by the position of the 
signal for the anomeric protons. The pure trans isomer gave a 
sharp singlet at ¢5.12 and the cis isomer gave a singlet at t5.20. 
The hydrogenolysis was carried out on the equilibrium 


mixture using AICIH, with the results shown in Table 21. 


TABLE 21 
Hydrogenolysis of the cis: trans mixture of 2 ,3-dimethoxytetra- 


hydrofuran with AIC1H 








2 
Time (h) Recovery,% %Reduced Ring Side Chain 
Cleavage # Cleavage ,* 
% % 
“A 95 10 100 0 
168 81 80 100 0 


* These columns represent the relative amounts of reduced 
product. 
The ring cleavage product was collected by preparative 
@a.ee, rhe micrdanalysis; nymer. and 1. r. spectra’ all ‘agreed 
with the proposed structure. As well, an authentic sample was 
prepared from 1,2,4-butanediol by the route shown in Scheme 70. 
The n.m.r. andi.r. spectra, and analysis were Henticdl with 


those of the hydrogenolysis product. 
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HO H HO- C,H 


C.- © 2te5 
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5H ® CgHs CHCl 
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OH H50O 
“ | | NE 
H ® 
I G , CaH 
e OH CgHsCH,0 © 2°58 
CH,1 
NaH, DME 
OCH OCH 
> Na/NH, pa rem 25 3 
OCH, HO OCH, 
CH,C,H, 


(DME = 1,2-dimethoxyethane) 
Scheme 70 
The only problem which may have arisen in this preparation 
was the fact that a six-membered dioxane ketal may have been 


formed in the first step. This is shown in Scheme 71. 


O 
OH .. | 
® 
H O 
HO H C2Hs 


Scheme 71 
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However, it is known that glycerol preferentially forms five- 
membered, rather than six-membered ketals (83). This was 
attributed to the two 1 ,3-interactions of one of the C-2 alkyl groups 


as shown in Scheme 72 for glycerol and Scheme 71 for 1 ,2 ,4-butane- 
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Scheme 72 

The hydrogenolysis of the 2 ,3-dimethoxytetrahydrofuran 
was a much slower reaction (requiring 168 hours for 80% reduction) 
than was the hydrogenolysis of the unsubstituted 2-methoxytetra- 
hydrofuran (requiring only two hours for complete reduction (5) ). 
This was in agreement with Diner's results (7) for the slow hydro- 
genolysis of the C-3 substituted tetrahydropyranyl acetals. Accord- 
ingly, the explanation of the inductive effect of the C-3 methoxy group 
destabilizing the oxocarbonium ion or increasing the energy of the 
transition state leading to the.oxocarbonium ion from endo cleavage, 
as proposed by Diner (7), can be applied to the C-3 methoxytetra- 


hydrofuranyl acetal (Structure 11). 





® “OCH; 


A1C1H?2 
Structure 11 
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The exclusive endo cleavage found in the hydrogenolysis 
of 2 ,3-dimethoxytetrahydrofuran was an expected result. All of 
the 2-alkoxytetrahydrofurans gave endo cleavage and there was no 
reason for the C-3 methoxy group to favor exo cleavage. 

There appears to be little difference in the reactivity of 
the two isomers since the unreacted acetal after 168 hours still 
showed about 20% cis and 80% trans isomer to be present on g.l.c. 
analysis. It is possible that the acetal was isomerized by the 
aluminum species during the very long reaction period (168 hours). 
However, a two molar excess of AICI1H, was used during the 
reduction and any carbonium ion formed should be reduced very 
quickly before recyclization and isomerization could occur. 

In summary, the C-3 methoxy group has no effect in 
directing the hydrogenolysis of the 2 ,3-dialkoxytetrahydrofurans. 
Exclusively endo cleavage was found for both the C-3 methoxy and 
the unsubstituted 2-methoxytetrahydrofurans. The principal effect 
of the C-3 methoxy group appears to be that of retarding the rate 
of reduction, probably by destabilizing the oxocarbonium ion, i.e. 
increasing the energy of the transition state leading to oxocarbonium 


ion formation. 


F. Reaction of 2-Aryloxytetrahydrofurans and 2-Aryloxytetra- 


hydropyrans with AlCl3. 


As described above all of the C-2 aryloxy acetals were 


found to react faster with AICIH, than did 2-ethoxytetrahydrofuran, 
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regardless of the substituents on the aryl ring (Table 18). A 
number of competitive hydrogenolyses were then carried out to 
determine if there were differences in the ease of reactivity among 
the C-2 aryloxy acetals. During these reactions, between 75 and 
100% of all the acetal present appeared to be reduced, in spite of 
the fact that there was only enough hydride present to reduce 50% 
of the acetal, assuming that all of the hydride was active. This 
indicated that a large amount of the acetal reaction was being 
caused by just the aluminum species in the solution. Because of 
this complication, no conclusions could be drawn from the compet - 
itive reductions and their results are not listed. However . 2 
number of interesting observations were made concerning the 
reaction of the C-2 aryloxy acetals with AlCl. 
To verify the observation that the acetals were in fact 
reacting with the aluminum species and to determine what products 
were being formed, a number of C-2 aryloxy acetals (both tetra- 
hydrofurans and tetrahydropyrans) were each allowed to react with 
AlCl, itself. In most cases, a phenol was formed indicating a 
simple Lewis acid catalyzed cleavage to 2 ,3-dihydrofuran (which 
subsequently polymerized) and a phenol. This is shown in Scheme 


73 for 2-phenoxytetrahydrofuran. 


eth Seales = | J + C,H,—OH 
Os-4C;H. O 
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Scheme 73 
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In addition to the phenol formation, for each of the 2-aryl- 
oxytetrahydrofurans hydrogenolyzed, a small amount of a high 
boiling material was formed (one high boiling compound for each 
acetal reacted). However, in the case of the C-2 3 ,5-dimethyl- 
phenoxy acetals, a large amount (74%) of the high boiling material 
was formed. These were the same high boiling materials that had 
been found in the attempted competitive reductions. This indicated 
that the high boiling materials were not the 4-aryloxy-1-butanols 
arising from reduction of the acetals since there was no feasible 
route by which such a compound could be formed by the action of 
AlCl, alone on the acetal. The high boiling materials were then 
most likely rearrangement products , whose structural elucidation 
initially presented a problem because of the difficulty in separating 
these very minor products from the reaction mixture. 

However, when it was found that 2-(3 ,5-dimethylphenoxy) - 
tetrahydrofuran gave the rearranged material in 75% yield, it was 
quite an easy task to separate and purify the high boiling material. 
This was done in one step by chromatography on an acid-washed 
alumina column, resulting in a white crystalline solid being 
obtained. To this compound was assigned the structure shown in 
Structure 12, on the basis of its elemental analysis, and its n.m.r. 


and i.r. spectra. 
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Structure 12 


The n.m.r. spectrum is shown in Figure 4. There are 
two singlets at ™3.45 and 73.50 which are indicative of two non- 
equivalent aromatic protons. The multiplet centered at 174.9, 
whose integrated area requires it to be due to one proton, is in 
approximately the same position in the spectrum as is the C,-H of 
2-phenyltetrahydrofuran (75.2). The phenolic proton, which only 


slowly exchanged with D,O, was found as a singlet at 71.0, con- 


fe 
siderably downfield from where the signal of the proton on the 
hydroxyl group of a phenol is usually found (? 4.62 for 3 ,5-di- 
methylphenol in CDCl,). This shift can be explained by intra- 
molecular hydrogen bonding between the proton and ring oxygen, 
as shown in Structure 12. This is an effect similar to that due 
to the intermolecular hydrogen bonding of any alcohol with dimethyl- 
sulfoxide , which results in a marked downfield shift of the hydroxyl 
proton (84), This would also explain the slow and incomplete 
exchange with D,0O. 

An independent synthesis of the methylated derivative of 


the phenolic rearrangement product was carried out starting with 


3 ,5-dimethylanisole as shown in Scheme 74. 
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“< Eo. CH, CH, CH,OH 
CH30~ CH, CH, CHy 3 CH, 


2. 15% KOH ,H 0,4 
Scheme 74 








The n.m.r. andi.r. spectra, and elemental analysis of 
the synthesized compound all agreed with those of the methylated 
derivative of the rearrangement product. An attempt was also 
made to synthesize this compound directly by a Friedel-Crafts 
reaction between 2 ,3-dihydrofuran and 3 ,5-dimethylanisole , using 
AlCl, , HS0, and HCl individually as catalysts. Only polymer- 


ization of the dihydrofuran took place in all cases (Scheme 75). 





Scheme 75 
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In a similar fashion the rearrangement product from 2- 
(3 ,5-dimethylphenoxy)tetrahydropyran was isolated and purified. 
The elemental analysis, n.m.r. and i.r. spectra all agreed with 
the proposed structure shown in Scheme 76. The n.m.r. spectrum 
in CDClz showed two singlets at 73.48 and %3.55, indicative of 
two nonequivalent aromatic protons, as well as a singlet at 71.5 


which was slowly exchanged in DO. 


Gee 


An authentic sample of the rearranged product was not prepared 


2 





AlCl, 





Scheme 76 


by an unambiguous route. Instead, the product was identified 
ae on the basis of the n.m.r. andi.r. spectra and the elemental 
analysis. The similarity of the spectra to those for the 2-(4,6-di- 
methy]-2 -methoxyphenyl)tetrahydrofuran (which was positively 
identified) was also considered. 

When 2-(2 ,6-dimethylphenoxy)tetrahydrofuran was treated 
with AlCl, , only a small amount of this type of rearrangement 
product was found. A large amount of a completely different 
rearrangement product, peculiar to this acetal, was found instead. 
The srnall amount (16%) of normal rearrangement product, when 


methylated was distillable and the elemental analysis, n.m.r. and 
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i.r. spectra of this methylated product all agreed with the 


structure shown in Scheme 77. 


H 
ea3 AlCl 
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CH, 


Scheme 77 

Authentic material was prepared by the same route as outlined in 
Scheme 74, starting from 2,6-dimethylanisole. The n.m.r. and 
i.r. spectra, and the elemental analysis of this authentic material 
all were identical to those of the methylated rearrangement product. 

The formation of the rearrangement product, no doubt, 
involves a mechanism, whereby the AlCl3z forms a complex with 
the aryl ring, thus facilitating exo cleavage and the formation of 
a carbonium ion on the tetrahydrofuran ring. Besides simply re- 
combining to give the acetal, the carbonium ion can react in two 
ways. It can lose a proton to give 2,3-dihydrofuran (path A, 


Scheme 78), which probably polymerizes in the presence of AlCl, ; 
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or it can react with the aluminum salt of the phenol (pathB, 
Scheme 78), most likely by a Friedel-Crafts type condensation. 

It is expected that the activating effect of the methyl groups 
attached to the aryl ring would result in a large amount of this 
Friedel-Crafts type reaction. This is clearly evident, since the 
C-2 3,5-dimethylphenoxy acetal gives 75% of the rearrangement 
product, while the C-2 phenoxy acetal gives only 10-15% of the 
rearrangement product and the C-2 2,6-dichlorophenoxy acetal 
gives absolutely no rearrangement product. In the absence of the 
unusual reaction which has been found to take place when the 2-(2 ,6- 
dimethylphenoxy)tetrahydrofuran was treated with AlCl, , one might 
expect the same type of rearrangement in a similar yield for the 
2-(2 ,6-dimethylphenoxy)tetrahydrofuran as that found for 2-(3,5- 
dimethylphenoxy)tetrahydrofuran. 

The results from the reaction of AlCl, with the C-2 aryloxy 
acetals are shown in Table 22, 

The rearrangement products were isolated and character- 
ized only in the three cases mentioned. Such small amounts were 
formed in the other cases studied that it was impossible to isolate 
them. However, their retention times were similar to the retention 
times of the rearranged materials actually isolated and it was on this 
basis that the structures of the rearrangement products were 


assigned in each of these cases. 
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The rearrangement in the two cases studied took place to 
the position on the phenyl ring which seems to be the most favorable 
position at which other Friedel-Crafts reactions occur (i.e. the 
reaction with succinic anhydride) (85). Therefore, one might 
assume that the 2-phenoxytetrahydrofuran would rearrange directly 
to the para position (Scheme 79) rather than one of the ortho 
positions. This was predicted since anisole reacts with succinic 


anhydride in the presence of AlCl, only at the para position (85, 86). 


Hh maBabeds s peENeoea es 
mes 
= 


Scheme 79 
Similarly the 2-(4-methylphenoxy)tetrahydropyran would rearrange 


to a position ortho to the hydroxy function (85) (Scheme 80). 


CL SF > Ch 
SS 2 OH 


Scheme 80 
As noted earlier , 2-(2 ,6-dimethylphenoxy)tetrahydrofuran 
undergoes a different type of rearrangement. Of the total recovered 


material, only 10.5% is 2,6-dimethylphenol and 16.5% is the 
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expected rearrangement product (Scheme 77). The remainder 


(73%) is the phenol-phenol coupling product 4 ,4'-dihydroxy-3,3', - 


5 ,5'-tetramethylbiphenyl shown in Structure 13. 





He Steucthurée 3 CH3 


The observed melting point was Breez17°C, 4°C below 
that reported by Auwers and Markovits (87), and the n.m.r. and 
i.r. spectra supported the proposed structure,as did the elemental 
analysis. Then.m.r. andi.r. spectra of the methylated compound 
(4 ,4'-dimethoxy-3 ,3',5,5'-tetramethylbiphenyl) also agreed with 
the proposed structure. The acetyl derivative was prepared and 
found to have a melting point of 172-173°C. That reported by 
Auwers and V. Markovits was 174-175°C. 

No reasonable mechanism could be proposed for the form- 
ation of this compound since an oxidation step is required. This 
must involve either a valence change of a metal ion, the formation 
of hydrogen during work-up, or the interaction of a large amount 
of oxygen. However, AlCl, cannot change its wience State. No 
visible evolution of hydrogen was noted during the work-up and the 
reaction proceeded as well under a nitrogen atmosphere as it did 
under an oxygen atmosphere. 

It was also found that the biphenyl coupling product could 


not have arisen from the 2 ,6-dimethylphenol and A1C1, under the 
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reaction conditions. When the 2 ,6-dimethylphenol and AlCl, were 
stirred in ether for two hours, only phenol was isolated. Also, 

the coupling product must have been formed during the reaction and 
not during work-up. This was the obvious conclusion when it was 
found that the residue obtained after evaporation of the ether solvent, 
when immediately added to a sodium hydride-methyl iodide suspen- 
Sion in 1 ,2-dimethoxyethane, gave approximately a 75% yield of the 
444" diniethoxy = 3 93' 55 $5! -tetramethylbiphenyl. 

A serious handicap in the study of this reaction was that 
the tetrahydrofuran ring residue could not be isolated in any form. 
In spite of repeated attempts to carefully examine the product 
mixture, neither tetrahydrofuran nor the 2,2'-dimer of tetrahydro- 
furan (Structure 14) could be isolated. These are possible products 
from an oxidation mechanism. Hence, no conclusions as to the 


effective mechanism could be drawn. 
gnats 
Slr iccur cum 
In summary, it was found that the 2-aryloxytetr ahydro- 
furans and 2-aryloxytetrahydropyrans did react readily under the 
influence of aluminum chloride. The main product in most cases 


was the corresponding phenol and 2 ,3-dihydrofuran or 3 ,4-dihydro- 


2H-pyran. However, if the phenol ring was activated by electron 
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donating groups, such as methyl groups, then a considerable 
quantity of 2-aryltetrahydrofuran or pyran was obtained as the 
result of rearrangement. It is readily seen that a partial 
hydrogenolysis of the C-2 aryloxy acetals with an insufficient 
amount of reducing agent cannot be carried out because of this 
rearrangement, which occurs readily in the presence of the 
aluminum species or Lewis acid. A different rearrangement 
product (4,4'-dihydroxy-3,3',5,5'-tetramethylbiphenyl) was 
isolated from 2-(2 ,6-dimethylphenoxy)tetrahydrofuran, which 
‘could only have arisen from an oxidative phenol-phenol coupling. 
However , no reasonable route could be proposed for its form- 


ation. 











Miss Makhubu had synthesized and hydrogenolyzed the 
5-methyl- and 5-methoxymethyl-2-methoxytetrahydrofurans. 
However, she had been unable to separate the cis and trans 
isomers, thought to be present in the two compounds, or even 
to determine their relative amounts. It was possible that one 
isomer was reacting to give exo cleavage and the other to give 
endo cleavage due to a steric effect of the substituents. Hence, 
a definite conclusion about the relative importance of the steric 
and polar effects could not be drawn from the results of the 


hydrogenolyses. It was therefore important to determine the 


a 















hh: ~ 
robkawas 4 fads .equo tg fy isnot. *s dasin: am eas) 


x. 
vi tf 
co 


Wj ae Sagi side aay Ba tyq to sahaet he wasnt cae 


left rq o teth tage ylibsor at 11% rsoregme = lag 


Waar ni si liens me iiiw afte Os yxaly sé $-9 > atk 6 aiaylo got 
| ee 
{ 'P) ve Ubond jie ba! (a3 "j i : , a re, t3p6 gaisnbsx m1 3, ho 


it 
Be: 
(i lo sodteat ‘* wilt al viibuet arusse rhulw Inervogt 
* he nels 

r ‘ S - * f 

fusrieggeettee T inet athhb 4 bias abval. 2o esi 2098 nag ealery iid 


- 


(iy nodgidiyls piel '2.2, "Ee Regnoaydib fh) Iai 


+ ; ‘ } a oe 5 J ; , Pda 
iw -astote thy datiolfyxareigl yas te Sha 7 ; 


=~ x 
te? ; a £ era rg ad | sive aids eatin in aecean hs: a 
La ' 


; f = . . v , . 
Yow yvitedie? fbwiriiteduciit-2< sft io ytieimeisos 
cue of F os .- 5 at ‘ et 


bos wonesetbyl bos Byosiasdiays Bart ucdustatg M 2a. 


. 


ans tuesh eilisads aiysoMarcn -S-iye erayxad tore’ bas 


ess? bet at oo Stnrogea of ahd tas vay ased bed » 


mee he 


ao hea ren au qi abelderte ayant ste 
. 5 = 6 bet 
Atty Condi satito a9 ‘ol 3 BVS, Me aatiant : 


, 
sseauatoet ts 0 senate 


a 


167 


isomer distribution and find whether or not each isomer could be 
reacting in a specific direction. 

The compounds 5-methyl-2-methoxytetrahydrofuran, 5- 
methoxymethyl-2-methoxytetrahydrofuran and 5-benzyloxy-2- 
methoxytetrahydrofuran were prepared. In agreement with Miss 
Makhubu's findings, absolutely no separation of the isomers could 
be obtained by g.l.c., using a variety of columns including carbo- 
wax, butanediol succinate, Apiezon T and silicone rubber. The 
100 MHz n.m.r. spectra of each of these mixtures were obtained 
and analyzed in an attempt to determine the isomer distribution. 
The spectrum of 5-methyl-2-methoxytetrahydrofuran is shown in 
AGU 5), 

The anomeric proton absorption occurs at 75.05 and 
contains two distinct quartets in the ratio of 3to2. The larger 
quartet was centered at U5.02 and the smaller was centered at 
T5.10. This indicates that there are two isomers present in the 
ratio of 3 to 2. No assignment could be made of one of the isomers 
to a specific signal. 

As described previously , Mihailovic and coworkers (20) 
had found a similar shift for the a-proton signals of the cis and 
trans isomers of the 2 ,5-dialkyltetrahydrofurans. They were 
able to make a definite assignment of the isomer configuration on 
the basis of the optical activity of the separated isomers. For 
example, the «-proton signal for the trans isomer of 2 ,5-dimethyl- 


tetrahydrofuran was shifted downfield relative to the signal for the 
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a-protons of the cis isomer. This shift was attributed to a de- 
shielding effect of the quasi-axial methyl groups of the trans isomer 
on the qa-protons across the ring. 

Gagnaire and Monzeglio (25) earlier had reported results 
similar to those of Mihailovic and coworkers (20) for chemical 
shifts of the 2-protons in the 2,5-dialkyltetrahydrofurans. How- 
ever, upon expanding their study to other symmetrically 2 ,5-di- 
substituted tetrahydrofurans , Gagnaire and Monzeglio found 
variations in the chemical shift differences which indicated that it 
was not a reliable basis for assigning the isomer configuration. 

For example, in 2 ,5-bishydroxymethyltetrahydrofuran, the cis 
isomer's a-proton absorption was shifted downfield relative to 
that of the trans d-proton. This is just the opposite direction 
found for the shift in the 2,5-dialkyltetrahydrofurans. Hence, 
only a stereospecific synthesis of one of the isomers in the 2,5- 
disubstituted tetrahydrofurans would reliably provide one or the 
other of the two isomers. 

The multiplet for the anomeric proton of 5-methoxymethyl- 
Binet hbk Phatetiy de ofae'an at t5.1 was not as clearly resolved 
as that for the anomeric proton of 6 aber eetarerne Rlstianyars- 
furan. However, there did appear to be two overlapping quartets 
whose area ratio lay between 1:1 and 3:2. The anomeric proton 
absorption for the cis-trans 5-benzyloxymethyl-2-methoxytetra- 
hydrofuran at %5.1 clearly showed two slightly overlapping quartets 


in the approximate area ratio of 3:2. Similarly, the anomeric 
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proton absorptions for the 5-isopropyl- and 5-t-butyl-2-methoxytetra- 
hydrofurans and 2-methoxy-5-phenyltéetrahydrofuran were all in 

the 75.0 to 5.2 region. While they were not as clearly resolved 

in the 60 MHz spectra, they appeared as overlapping multiplets 
whose area ratios lay between 1:1 and 3:2. 

With the exception of 5-methyl-2-methoxytetrahydrofuran, 
for which the exo to endo cleavage ratio is 3:2 (Table 10 and 11), 
the 3:2 isomer ratio does not coincide with the extent of exo to endo 
cleavage for any of the C-5 substituted acetals. It can therefore 
be concluded, that each isomer does not react to form one specific 
product in these 5-substituted-2-methoxytetrahydrofurans. How- 
ever, in the case of the C-5 methyl acetal, the exo:endo cleavage 
ratio of 3:2 exactly parallels the 3:2 ratio of the isomers. This 
indicates that possibly the isomer in larger amount is reacting 
to give exclusively exo cleavage and the isomer in smaller amount 
to give endo cleavage. 

In order to clarify this problem, an attempt was made to 
synthesize stereospecifically the cis isomer, since it was clearly 
apparent that the Se ee eae could not be separated by g.l.c.. 
The proposed synthetic sequence is shown in Scheme 81, 

The bromination (88) and dehydrobromination (89) pro- 
cedures, which were employed successfully, followed the directions 


which have appeared recently in the literature. 
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(DMSO = dimethylsulphoxide) 
‘Scheme 81 

The base catalyzed isomerization of the 2 ,5-dihydro compound was 
thought to be possible because it is known that 2 ,5-dihydrofuran is 
easily isomerized to 2,3-dihydrofuran by the action of potassium 
tertiary butoxide in t-butyl alcohol (4). The isomerization of 5- 
methy1l-2-methoxy -2 ,5-dihydrofuran to 5-methyl-2-methoxy -2 ,3- 
dihydr ofuran was expected to occur since the C-5 proton of the 
former compound should be more easily removed by base than 
should the anomeric Eton of that compound. However, when 
the unsaturated acetal was added to either NaOcH, in DMSO, or 
KO-t- C4Hg in t-C,H gOH, an immediate reaction took place which 
provided 2-methylfuran. The mechanism proposed for this 


reaction is shown in Scheme 82. 
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Scheme 82 

‘The second attempt to clarify this problem was based on 
the view, that if a steric effect were important in the hydrogenolysis 
of the two isomers, then either the cis or the trans isomer should 
react more readily. Accordingly, a quantity of the cis-trans mix- 
ture of 5-methyl-2-methoxytetrahydrofuran was subjected to 
hydrogenolysis with a limited amount of A1CIH, , insufficient to 
cleave all of the acetal. The unreduced starting material was 
isolated and examined by n.m.r.. The spectrum showed that the 
two isomers were still present in the same proportion as found in 
the original mixture. As well, the ratio of exo to endo cleavage 
from the partial hydrogenolysis agreed with the ratio found after 
complete hydrogenolysis. Similarly,when partial hydrogenolyses 
were carried out on the 5-isopropyl- and 5-t-butyl-2-methoxytetra- 
hydrofurans, the unreacted acetal recovered had the same isomer 
ratio as did the starting acetal. In the last two cases, the isomer 
distribution could be seen on g.l.c.. 

It might be argued that one isomer was reacting faster 
than the other, but that isomerization was also occurring to give 
the same isomer ratio after partial reduction. However, Leggetter 
and Brown had previously found, at the very most, only a trace of 


isomerization to occur in the 2 ,4-dimethyl-1 ,3-dioxolanes during 
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hydrogenolysis (19). Since the structure of the 2 ,4-disubstituted 
dioxolane is similar to that of the 2 ,5-disubstituted tetrahydrofurans , 
extensive isomerization does not seem to be very likely in these 
latter compounds. 

The inference is that a bulk steric effect due to groups in 
the C-2 and C-5 positions seems to be of no importance in promoting 
a different course of cleavage for eachisomer. If the much more 
bulky t-butyl and isopropyl groups have very little or no steric 
effect in isomer reactivity, it is even less likely that the methyl 
group should have such a large steric effect as to cause the isomers 
to react in specific directions. Examination of the models of cis- 
and trans -5-substituted-2-methoxytetrahydrofurans shows very 
little difference in the extent of steric shielding of the ring oxygen 
in the two isomers. 

This is not to say, however, that the C-5 substituent does 
POU abiect the ease of complex formation of the ring oxygen. In fact, 
the greater the size of the substituent at C-5, the weaker will be the 
Colmpics fOrmationvar the ring oxygen (27, 32). However , there 
seems to be little difference in the strength of the two complexes 
formed between the aluminum species and the cis and trans isomers. 

In summary, all of the 5-substituted-2-methoxytetrahydro- 
furans contain between a 3:2 and 1:1 ratio of Cle and trans (or trans 
and cis) isomers. Inno case does a cis isomer hydrogenolyze to 


provide one specific product. Hence, the steric effect of the C-2 
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and C-5 substituents does not appear to cause a difference in the 


reactivity between the two isomers. 
SUMMARY 


Yr The syntheses of a number of 5-substituted 2-alkoxytetra- 
hydrofurans and 2-aryloxytetrahydrofurans have been described. 
The acetals, 5-isopropyl- and 5-t-butyl-2-methoxytetrahydrofuran, 
were prepared from the corresponding Y-substituted-~-butyro- 
lactones by the method of Korte and coworkers. A number of 
unsuccessful attempts were made to reduce the »-butyrolactones 
directly to the tetrahydrofuranyl acetals. As well, authentic 
samples of the possible products from the hydrogenolysis of these 
acetals were prepared. 

ras A study of the hydrogenolysis of these acetals using the 
species, AICIH, (from a1l:l molar ratio solution of LiAlH, and 
A1C13), was undertaken. 

eh The polar effect of the C-5 substituent appeared to be an 
important directing influence in the reductive cleavage of the 5- 
substituted-2-methoxytetrahydrofurans. Electron donating alkyl 
groups favored exo cleavage with a gradient of from 60% to 86% to 
99% exo cleavage being found as the C-5 substituent was changed 
from CH,- to i-C,H. to t-C4Ho. Electron withdrawing substituents 


Cray | 


at C-5 favored endo cleavage, with 83% and 93% endo cleavage 





product being found when the C-5 substituent was respectively 













il care 1eTb s seceo a) t690qqm fon evab aiaausitedue 8-3 -2' ba 
nce i a 


s 
ie 


SS -etomoet ow! sat gnowied ¥ tylto, ' 
37) F - | 


. 5 : aye A baa a. 
ia cotte-S boelwitiadve-@ to 16driga & lo qoandiaye odT oa ft 
zeb noed ovaed ens tuto rh (ds 1intynedy 1855 > S bas: et doit 
4 uslo thyilestetyxodsed-S-fysud-1-¢ bas “hageteciads +e . shatea yes 


ovyied.«-bslvtiteadue-Y guibaogesttoa ght gtost baraqe7@, 


io 1Ssdataa A. e190 toWoOo bas o)1 o71 20 bodijein ad? yds 


* 
A 
a 
. 
o 
“ 
t 
se 
4 
a 
4 
os 


shart o1sw aiqtingiis talew: 


ae: 
—_ ; a © 
gg ss * 
D 
4 
- ny = 


_— 





by re: {low eA, wdteos Iyan tio shystettat ait} of) 
: Fy 















_ .* 3 


> 
2. 


re f t { ; aus f Tei? | ay 71. aJ subo ee i sidiasog aris 
herageee stow 
i 


vi] Snige (ae i -}* be oth) Yo ofa Ig 1200! yd Si F te youte: a ra 


Ai re plikAtel lo veri I - oils ops Ltrs fol « R ere ost) gIQUA pas red } 


a 
noted tebaw, ass tte! Jif 
oa “a 
ng od o}. 831 psyds ui Setiladuve 2-5 at yw 3? I> ete twlog 0 iT 
) phe 
-2” ni? Yo 995 ¥ g0f> SvElovbeat »cf).oi se inaiaints rah 

4 

7s ~t 
(yotls sl ie mOTjOerA- . a vale ibyyde xian madtons~S-b 
ot 2PS8.0) WOd mor) sai ag 6 thw syersel> ox Swng 


- 


Faanatts SBW insti gedoe €-2. 98? ag: baat a 


gia J 


* 
atasubiidl ae ‘2 prtitattbdtive toroaefY ing | 
ogevs oly obiae EY ars a Air ree 

i i 
eee eect as) sac +> utd | 
ais senate 


7 






LS 


C,6H_- and CH,OCH,-. Although of minor importance, the steric 
effect of the C-5 substituents must play some role in directing the 
reaction since some exo cleavage was found when the C-5 substituent 
was C6H, - and CH30CH, - , even when all of the other directing 
effects favored endo cleavage. The strong basicity of the ring 
oxygen was still a factor in determining the direction of cleavage 
and caused predominantly endo cleavage (93%) when the polar effect 
of the C-2 and C-5 substituents cancelled in 2-isopropoxy-5-methyl- 
tetrahydrofurans. Complexation between the aluminum species and 


the electron withdrawing C-5 substituents (CH and CH,OCH,-) 


a 3 2 
was believed to play some role in directing the cleavage reaction. 
4. A competitive hydrogenolysis showed that the acetal, 2- 
t- butoxytetrahydrofuran, reacted four times faster than did 2- 
ethoxytetrahydrofuran. This was interpreted in terms of the polar 
effect of the C-2 substituents , with the t-butyl group exerting a 
greater stabilizing effect on the oxocarbonium ion from endo 
cleavage than the ethyl group. 

“a The 2-aryloxytetrahydrofurans gave exclusively exo cleavage 
upon reduction with AlC1H4. Also, the C-2 aryloxy acetals were 
reduced faster than the C-2 alkoxy acetals and this fact could not 
be satisfactorily explainedshy the polar effect of'the C-2 aryloxy 
group. Instead, the results were interpreted in terms of a strong 
complex formation between the 7-electron system of the aryl ring 


and the aluminum species, 
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6. A gradient from preferential exo to preferential endo 
cleavage of 2-benzyloxytetrahydrofuran was found as the Lewis 


acid reducing species was changed from A1C15H to A1CI1H, to AlH3 


2 
(90.5%, 48.5% and 20.5% exo cleavage respectively), This was 
attributed to a different preferential location of complexation for 
each species , which depended upon the strength of the electron 
attracting ability of the species. The polar effect of the benzyl 
group was concluded to be of minor importance. 

tie The acetal, 2,3-dimethoxytetrahydrofuran, gave exclusively 
endo cleavage upon hydrogenolysis with AICIH,. The C-3 methoxy 
group, therefore, did not affect the direction of lee ts of the 
unsubstituted 2-methoxytetrahydrofuran, which Miss Makhubu had 
previously shown to give exclusively endo cleavage. The principal 
effect of the C-3 methoxy group was to significantly slow the rate 

of hydrogenolysis of the substituted acetal compared to that of the 
unsubstituted acetal. In 168 hours only 80% reduction of 2 ,3- 
dimethoxytetrahydrofuran had occurred while 2-methoxytetrahydro- 
furan was completely reduced within 2 hours. This was attributed 
to the electron withdrawing effect of the C-3 methoxy group which 
destabilized any oxocarbonium ion formation. 

8. The 2-aryloxytetrahydrofurans (and pyrans) were found to 
react with AlCl, in ether solution to give the corresponding phenol 
and dihydrofuran (or 3 ,4-dihydro-2H-pyran) along with varying 


amounts of a rearrangement product. The cleavage product was 
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attributed to a Lewis acid catalyzed cleavage of the acetal after the 
aluminum species had complexed with the aryl ring of the C-2 
substituent. The rearrangement product isolated from the reaction 
of 2-(3 ,5-dimethylphenoxy)tetrahydrofuran with AlCl, was identified 
as 2-(4,6-dimethyl-2-hydroxyphenyl)tetrahydrofuran. This was 
PGmciiacu 0) pe 1otimed by a" riedel-Craits type of reaction. The 
reaction of 2-(2 ,6-dimethylphenoxy)tetrahydrofuran with AlCl, 
produced the expected cleavage products (dihydrofuran and 2 ,6- 
dimethylphenol) and the rearrangement product, 2-(3 ,5-dimethyl- 
4-hydroxyphenyl)tetrahydrofuran, but only in a small yield (10% 
and 16% respectively). The remainder of the product (74%) was 
identified as the phenol-phenol coupling product, 4 ,4'-dihydroxy- 
3 ,3',5,5'-tetramethylbiphenyl, but no explanation could be given 


for ots fOrniation. 


vie The exo to endo cleavage ratio of 60:40 found for 5-methyl- 





2-methoxytetrahydrofuran was found to closely parallel the cis/ 
trans (or trans/cis) isomer ratio ei 60:40 of the acetal. <A stereo- 
specific synthesis of cis-5-methyl-2-methoxytetrahydrofuran was 
attempted with no success. However, a partial hydrogenolysis 
reaction showed that the two isomers reacted at the same rate. 
Since a different rate of hydrogenolysis would be expected for each 
isomer if they were reacting to form different products, it was 
concluded that each isomer was forming the same proportion of 

exo and endo cleavage products. Therefore, there was not adiffer- 


ence in steric approach of the aluminum species to the two isomers. 
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A PERIMENT AiG 


All boiling points and melting points in this work are 
uncorrected. 

Gas liquid chromatographic analyses were made with an 
F and M, Model 700 instrument, equipped with 12 ft. by 1/8 in. 
columns packed with: (a) carbowax 20M, 20% on Gas Chrom P 
(60-80 mesh), (b) Apiezon T or Apiezon L, 10% on Chromosorb W 
(60-80 mesh) and (c) butanediol succinate , 20% on Chromosorb W 
(60-80 mesh). Helium was the carrier gas at a flow rate of about 
40 ml per minute. 

For preparative gas liquid chromatography, the instrument 
used was an Aerograph Autoprep, Model A-700 (Wilkens Instrument 
and Research Co.). The following columns were used: (a) 12 ft. 
by 1/4 in. , packed with carbowax 20M, 20% on Gas Chrom P (60- 
80 mesh), (b) 12ft. by 1/4 in. , packed with butanediol succinate, 
20% on Chromosorb W (60-80 mesh), (c) 6 ft. by 1/4 in. , packed 
with Apiezon T, 10% on Chromosorb W (30-60 mesh) and (d) 12 ft. 
by 1/4 in. , packed with 10% Carbowax 20M and 10% silicone rubber 
on Chromosorb W (30-60 mesh). Helium was the carrier gas. 

The column temperature and type of column was dependent 
upon the boiling point of the compounds. For most analysis work 
on the F and M, Model 700, the temperature was linearly programmed 
in order to achieve better resolution. The temperature was 


: O ; Oo 
increased at a speed of 15 C per minute starting from 50 C with 
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the terminal temperature being dependent upon the column stability. 

The quantitative analyses were made by measuring the 
areas corresponding to the peaks involved. In anumber of cases, 
these areas were compared with those obtained from known and 
weighed artificial mixtures. However, it was found that equimolar 
mixtures of hydrogenolysis products gave peaks of nearly equal 
area for the components (within a 10 % variation). Hence, the 
peak areas on most chromatograms were simply compared directly, 
without reference to authentic mixtures, to give the relative 
proportions of products in a mixture. 

Infrared spectra were recorded with a Perkin-Elmer 
Model 337 instrument. 

Nuclear magnetic resonance (n.m.r.) spectra were 
recorded with a Varian Associates A-60 instrument operated by 
Mr. R. Swindlehurst and assistants, and an HR-100 spectrometer 
operated by Mr. G. Bigham. All spectra were referred to tetra- 
methylsilane. 

Elemental analyses were carried out by Mrs. Darlene 
Mahlow in the Chemistry Department of this University. 

In the work-up procedures reported for the various syntheses 
described, solvents were removed with a rotatory evaporator 


under reduced pressure unless otherwise stated. 
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A. Attempted Synthesis of 5-Substituted-2-alkoxytetrahydrofurans. 





Method 1 (unsuccessful) 


Ethyl ¥,Y-dimethylacetoacetate was prepared according to the 
published procedure described by Korte and coworkers (38) and 
used by Miss Makhubu (5). 

Ethyl acetoacetate (26 g, 0.2 mole) was added to sodium 
ethoxide (4.6 g of sodium metal in 100 ml of absolute ethanol). 
The ethanol was distilled off and the remaining cake was suspended 
in anhydrous ether. Isobutyryl chloride (21.2 g, 0.2 mole) was 
added dropwise to the suspension at such a rate that the ether 
solution refluxed gently. The precipitated sodium chloride was 
separated by filtration and the filtrate diluted with water. The 
solution was extracted with ether and the ether extracts were then 
dried over magnesium sulfate, filtered, and the solvent removed. 
The residue was distilled giving a colorless liquid (17 g, 42.5%). 


et toe os ol ddobu. jah, b.p. 112-114°C at-16 


D 
z5 
mms Nhe! «451 d9). 

To sodium ethoxide (2.0 g of sodium metal in 100 ml of 
absolute ethanol) was added dropwise with stirring, the isobutyryl 
acetoacetic ester (17 g) prepared as described above. The mixture 
was stirred at room temperature for 3 days, after which excess 
ethanol was removed. The residue was neutralized with dilute 


hydrochloric acid and extracted several times with ether. The 


combined ether extracts were dried over magnesium sulfate, 
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filtered and the solvent removed. The residue was distilled to 


give Womecrimermylecetoacetic ester (7.0 ¢, 52.5%). Bip: 85-87°C 


25 ZS 


; oO 
D Peecve,) bit. pep, S2-64° C.at 14mm; nn 


atelosmirn:. vi 


iy 


ee: ats te 


Isobutyryl chloride was prepared by a modification of the method 
of Greenwood and coworkers (90). 

Isobutyric acid (200 g, 2.3 moles) was cooled in an ice 
bath and phosphorus trichloride (150 g, 1.1 moles) was added 
dropwise. The mixture was stirred overnight at room temperature 
and then refluxed for one hour. A fractional distillation was 
performed and the fraction was collected which boiled between 90 
and 95°C. This fraction was then redistilled to give a clear liquid 
(205 g, 85.2%). B.p. 90-95°C at 695mm. Lit. b.p. 90-91°C 


at 700 mm (90). 


Diethyl «-isobutyrylsuccinate was prepared by a modification of 


the procedure of Korte and coworkers (38). 

To a solution of sodium metal (2.8 g, 0.12 mole) in 150 ml 
of absolute ethanol at tite , was added slowly Y¥ ,¥-dimethylaceto- 
acetic ethyl ester (20 g, 0.12 mole). The mixture was stirred for 
about one hour and ethyl chloroacetate (15 g, 0.12 mole) was added 
while the mixture was cooled inice. The mixture was then refluxed 
until it was neutral to litmus (6h). The precipitated sodium 


chloride was removed by filtration and washed with ether. The 
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filtrate and washings were'combined and the solvents removed. 
Since attempted distillation of the ester on a small scale had 
resulted in a decarboxylation (5), the crude ester was subjected to 


the next step. 


The attempted preparation of ethyl f-isobutyrylpropionate was 
carried out by the procedure of Korte and coworkers (38). 

ahe, crude diethyl POT Baye) mubwinare from the experi- 
ment described above was refluxed with 10 ml of concentrated 
sulfuric acid in 100 ml of water for 12h. The mixture was cooled 
and the aqueous layer was saturated with ammonium sulfate. 
Separation of an oilylayer(5, 38) was not observed. Extraction 
with ether yielded only a very small amount of organic material 
whose infrared spectrum did not show the expected two absorption 
bands for the two carbonyl groups. When stirred with absolute 
ethanol and acid for 12 h., this organic material gave an oil which 
did not have a g.l.c. retention time in agreement with that shown 
by authentic ethyl 6-isobutyrylpropionate. 

Since this reaction was unsuccessful, this reaction sequence 


was abandoned. 
Method 2 (unsuccessful) 


Isopropyl bromide was prepared by the method of Noller and 
Dinsmore (91). 


Isopropyl alcohol (200 g, 3.3 moles) was cooled inal l. 
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three neck flask with mechanical stirrer,to -10°C in an ice-salt 
bath. Phosphorus tribromide (300 g, 1.1 moles) was added drop- 
wise at a rate such that the temperature did not rise above 0°C. 
After the addition of the phosphorus tribromide was complete, the 
solution was allowed to rise to room temperature and the isopropyl 
bromide was fractionally distilled. The fraction between 57°C and 


60°C was collected to give 360 g (97%) of isopropyl bromide. B.p. 


SAS 


zit On C at.695 mm: ny 


IndeAs., Lit. b.p.,60-63°C at: 760.mm 


(91). 


The attempted preparation of ethyl B-isobutyrylpropionate was 
carried out following a modification of the procedure described by 
Kharasch and Reinmuth (39). 

The isopropyl bromide (12.3 g, 0.1 mole) was added drop- 
wise to a stirred suspension of magnesium turnings (2.4 g, 0.1 mole) 
in 100 ml of dry ether kept cool in anice bath. When all of the 
bromide had been added, the solution was stirred at room temper- 
ature until all of the magnesium metal was consumed (0.5 h). The 
solution was then decanted into a dropping funnel. The Grignard 
reagent was added dropwise to a stirred solution of diethyl succinate 
(15.4 g, 0.1 mole) in 100 ml of dry ether cooled to -40°C in a dry 
ice-acetone bath during the addition. After complete addition, the 
solution was stirred with gradual warming to room temperature. 
Water (2.1 ml) was added gradually to the solution which was kept 


at ays by means of anice bath. The ether was decanted and the 
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remaining solid was washed with 50 ml of ether. The combined 
ether solutions were dried over magnesium sulfate, filtered and 
the solvent removed. The residue, upon distillation, gave only 
diethylisuceinate (12.2 9, 81% recovery)... B.p. 98°C ata Orrisr:, 
Lit. b.p. 217°C at 760 mm (92). 

The above procedure was repeated two more times, once 
adding the Grignard reagent to diethyl succinate in refluxing ether 
and once in refluxing tetrahydrofuran. In both cases , distillation 
of the residue after work-up gave only diethyl succinate (in 76% 
and 84% recovery) as determined by both the boiling point and the 


n.m.r. spectra of the products. 


The attempted preparation of ethyl 6-isobutyrylpropionate was 
carried out by a modification of the procedure of Fieser and 
Newman (40). 

The isopropyl magnesium bromide, prepared as described 
above from isopropyl bromide (12.3 g, 0.1 mole) and magnesium 
turnings (2.4 g, 0.1 mole) in 100 ml of ether, was added dropwise 
to a solution of succinic anhydride (10 g, 0.1 mole) in 100 ml of 
dry ether, previously cooled to Sac in a dry ice-acetone bath. 
After complete addition, the solution was allowed to warm to 0G 
whereupon 3 ml of water was added. The ether was then decanted 
and the solvent removed leaving a solid residue which was identified 


as succinic anhydride (7.5 g or 75% recovery). 
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In a repetition of this experiment, the procedure was 
modified in that the Grignard reagent was added to a refluxing 
solution of succinic anhydride in tetrahydrofuran. However, 
succinic anhydride was obtained as the only product, in a yield 
of 70%. 

The addition of the Grignard reagent to either succinic 
anhydride or diethyl succinate failed to give the products expected 


and hence,this procedure was abandoned. 
Method 3 (unsuccessful) 


Methyl hydrogen succinate was prepared by the method of Cason (43). 

A mixture of succinic anhydride (200 g, 2.0 moles) in dry 
methanol (128 g, 4.0 moles) was heated under reflux for 2h. The 
solution was then distilled to give a clear liquid which solidified on 
standing (237 g, 90%). B.p. 97-98°C at 1mm. Lit. b.p. 110- 
TiC at 2*mm (43), 

This procedure was modified during the course of the 
present work. After the anhydride had completely reacted, the 
excess methanol was removed. The residual liquid was poured 
into a beaker and cooled in a refrigerator. A white crystalline 
solid was obtained (261 g, 99%). M.p. Seo aes Gay ogee 


SOP Gv adtedly ye 


6-Carbomethoxypropionyl chloride was prepared by the method 


described by Cason (43). 
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Methyl hydrogen succinate (205 g, 1.5 moles) was stirred 
at room temperature while phosphorus pentachloride (330 g, 1.7 
moles) was added in small portions. After addition of the chloride 
was complete, the mixture was heated on a steam bath for 1.5h. 


It was then distilled to give a clear liquid (191 g, 82.5%). B.p. 


Va) 


re) 
wi-oo |G at*L6°mm:; Ny 


1.4381. Lit. b.p. 85-87°C at 15 mm (43). 


The attempted preparation of methyl #-isobutyrylpropionate was 
carried out using a literature procedure as described by Shirley 
(41). 

Peimixture of isopropyl bromide {62 9, 0.5 
mole) and 12 g (0.5 mole) of magnesium turnings in 500 ml of 
tetrahydrofuran was cooled in an ice bath to 5°C. Cadmium 
chloride (46 g, 0.25 mole) was then added all at once to the stirred 
and cooled solution. Ten minutes later, the ice bath was removed 
and stirring was continued for an additional.5h. Tothe resulting 
brown solution, kept at room temperature, was added in a drop- 
wise manner, a solution of £-carbomethoxypropionyl chloride 
bio. 0.5 mole) in 500 ml.of ether. The resulting reaction 
mixture was stirred for 45 min. at room temperature and then 
heated under reflux for one hour. Twenty grams of ice was then 
added to decompose the complex. The ether solution was decanted, 
dried over magnesium sulfate, filtered and the solvent was removed. 


The residue , when subjected to distillation, gave 69.5 g of a clear 


2. 


D 1.4578. 


liquid. B.p. 135-136°C at 2.5mm; n 
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The n.m.r. spectrum of this product showed that it 
obviously was not the desired ethyl g -isobutyrylpropionate although 
the structure of this product was not determined. The procedure 


was abandoned. 
Method 4 (unsuccessful) 


Succinaldoxime was prepared by the method of Keagle and Hartung 
(45). | 

A mixture of 95% ethanol (1 1) and pyrrole (67 g, 1 mole) 
and hydroxylamine hydrochloride (141 g, 1 mole) in a 21, three 
neck flask was heated to reflux temperature. When all of the solid 
was in solution, anhydrous sodium carbonate (106 g, 1 mole) was 
added and the solution heated under reflux for 24h. The hot 
solution was then filtered and the filtrate freed from solvent. The 
residue was dissolved in a minimum quantity of boiling water and 
heated with animal charcoal. The filtered solution was allowed 
to cool to promote crystallization. A yellow solid was obtained 


(Sora, 75a) 28, oisidord 6222 (Ihietlm® p? T7e °C 445)% 


The attempted preparation of succindialdehyde was carried out 
following the method of eotIe and Hartung (45). 

The succinaldoxime (11.6 g, 0.1 mole) was placedin a 
400 ml beaker and 108 ml of 10% sulfuric acid was added. The 
mixture was cooled to 0-5°C in an ice bath and sodium nitrite 


(14 g, 0.2 moles) was added in small portions. The temperature 
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was maintained at 0°C to allow only a slow liberation of bib ay. 
When the dioxime was completely dissolved, the solution was warmed 
to room temperature and neutralized with barium carbonate. The 
BaSO, was separated leaving an aqueous solution of succindialdehyde. 
The authors , Keagle and Hartung, did not describe how 
to isolate the succindialdehyde. ee , the aqueous solution was 
saturated with sodium chloride and extracted with ether. The ether 
Sxiracts were dried over magnesium sulfate, filtered and the 
solvent removed by distillation. However, no dialdehyde was 
obtained and even a continuous extraction of the aqueous solution 
for 24 h yielded no succindialdehyde. 
Since no other procedure for the isolation of pure succin- 


dialdehyde could be found, this procedure was abandoned. 
Method 5 (unsuccessful) 


2,5-Dimethoxy-2 ,5-dihydrofuran was prepared by the method of 
Clausson-Kaas and coworkers (93). 

Freshly distilled furan (36 ml, 0.5 mole) and sodium 
acetate (82 g, 1 mole) were dissolved in 600 ml of methanol and 
the solution cooled to -15°C in a dry ice-acetone bath. To this 
solution was added a solution of bromine (80 g, 0.5 mole) in 500 
ml of methanol while the reaction mixture was stirred and kept 
at Ch sy When the bromine addition was completed, the resulting 


colorless solution was poured into 1500 ml of cold water saturated 
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with calcium chloride. The acetal was extracted with ether 


(2 x 1 1) and the combined ether extracts dried over magnesium 


sulfate. The drying agent was separated and the filtrate freed 
from ether. The residue was distilled to give a clear liquid 

fe) a0 
(hte Bedoect Bawii6> Gaate0imm; ny, 1.4341. Lit. b.p. Siac 


at 12 mm; non 1.4328 (93). 


The attempted reaction of methyl magnesium iodide with 2 ,5- 
dimethoxy-2 ,5-dihydrofuran was carried out following the procedure 
of Mallory and coworkers (46). 

Methyl iodide was added dropwise to a stirred suspension 
of magnesium turnings (2.4 g, 0.1 mole) in 100 ml of anhydrous 
ether cooled to 5°C in an ice bath. After complete addition, the 
solution was heated under reflux for one hour, cooled and then added 
dropwise to a eplateas of 2 ,5-dimethoxy-2 ,5-dihydrofuran (13.0 g, 
0.1 mole) in 300 ml of benzene. The reaction mixture then was 
heated under reflux for 24 h. To the cooled solution (5°C) was 
added 100 ml of 25% aqueous ammonium acetate with continued 
cooling. The benzene-ether layer was separated, dried over 
magnesium sulfate and then freed from drying agent and solvent. 

Gas liquid chromatographic analysis of the residue showed 
avery large peak due to the starting acetal along with several 
other peaks all of which were of small area. 

The same procedure was carried out using tetrahydrofuran 


as solvent rather than benzene and ether. Inthis case g.l.c. 
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analysis of the product residue showed several smaller peaks and 
one major peak corresponding to about a 50% recovery of starting 
acetal. 

| This procedure was therefore abandoned since no identi- 


fiable product could be isolated. 
Method 6 (unsuccessful) 


The attempted condensation of 3-methyl-2-butanone with ethyl 
chloroacetate was carried out using a modification of the procedure 
used by Diner and coworkers (71) to methylate hydroxyl groups. 
The ketone, 3-methyl-2-butanone (17.2 g, 0.2 mole), was 
added dropwise to a suspension of 8.5 g (0.2 mole) of 57% sodium 
hydride in 150 ml DME (1 ,2-dimethoxyethane previously dried by 


distillation from LiAlH The 8.5 g of 57% sodium hydride was 


4) 
washed in 50 ml of pentane and dried under nitrogen before being 
suspended in DME. The solution was refluxed for 16h and then 
ethyl chloroacetate (24.4 g, 0.2 mole) was added dropwise main- 
taining reflux. The resulting mixture was heated under reflux 
overnight and then freed from excess DME. The residue was 
taken up in ether, the precipitated sodium chloride removed and 
the filtrate freed from ether, The residue, upon analysis by g.l.c. 
proved to be a forbidding mixture of products, none of which was 
present in relatively large amount. 


The same reaction was carried out using benzene rather 
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than DME as solvent. Much the same results were obtained with 


the residue showing a bad mixture of products on g.l.c.. 


The attempted condensation of 3-methyl-2-butanone and ethyl 
chloroacetate using potassium triphenylmethide was carried out by 
the following procedure similar to that involving the use of sodium 
hydride. 

To a stirred solution of triphenylmethane (25 g, 0.1 mole) 
in 250 ml of dry DME was added potassium metal (4 g, 0.1 mole) 
in small pieces. After the addition of the metal, the solution was 
stirred at room temperature for 16h. The ketone, 3-methyl-2- 
butanone , was then added until the dark red color of the solution 
disappeared. This required 5 g (0.06 mole) of the ketone. Ethyl 
chloroacetate (7.5 g, 0.06 mole) was then added dropwise and the 
solution was heated under reflux for five h. Excess DME was 
removed and the residue was taken up in ether. The ether solution 
was filtered and freed from solvent. The residue when analyzed 
by g.l.c. proved to be a mixture of many products which were not 
separated or characterized. 

Since the desired ethyl f-isobutyrylpropionate was not 
formed by the two procedures described above further work on the 
direct condensation of 3-methyl-2-butanone and ethyl chloroacetate 


was abandoned. 
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B. Successful Synthesis of 5-Substituted-2-alkoxytetrahydrofurans. 








1, cis-trans~5-Isopropyl-2-methoxytetrahydrofuran 


2-Dimethylamino-3-methyl-1-butene (the dimethylamine enamine 
of 3-methyl-2-butanone) was prepared by the method of White and 
Weingarten (51). 

A 51.3 neck flask, equipped with mechanical stirrer, 
dropping funnel and condenser, was flushed with nitrogen and 
sealed from the atmosphere. Anhydrous ether (2.5 1) was added 
followed by dimethylamine (135 g, 3.0 moles) and 3-methyl-2- 
butanone (74 g, 0.74 mole). The solution was cooled to 5-10°C in 
anice bath. Titanium tetrachloride (70.5 g, 0.37 mole) was added 
dropwise with stirring while the solution temperature was main- 
tained below 10°C. When all the titanium tetrachloride had been 
added, the solution was stirred at room temperature for 6h. The 
solid was separated by filtration under vacuum using a Buchner 
funnel and then the ether was removed from the filtrate. The 
residue when distilled gave a clear liquid (39 @, 46%). Beep. 105- 
107°C at 700 mm; nf 1.4386. Lit. b.p. 56 C at 83mm; n2> 


1.4403 (51). 


Tris-dimethylaminoarsine was prepared by the method of Hirsch (53). 
A solution of arsenic trichloride (60 g, 0.3 mole) in 500 ml 
oO 
of dry ether was cooled to -60 C with a dry ice-acetone bath. To 


this stirred solution was added dimethylamine (81 g, 1.8 moles) in 
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a dropwise manner. The resulting mixture was stirred at 60°C 
for one h after which the temperature was allowed to rise to room 
temperature, The amine hydrochloride was separated by filtration 
under vacuum, and the ether filtrate freed from the solvent. The 
residue was distilled and gave a colorless liquid (55 g, 61.2%). 
B.p. 86-87°C at 25mm; ng 1.4825. Lit. b.p. 54°C at 10 mm 


(53)* 


The attempted preparation of the aretha caine enamine of 3- 
methyl-2-butanone was carried out following the procedure of 
Hirsch(53). 

The tris-dimethylaminoarsine (47 g, 0.23 mole) was added 
dropwise to 3-methyl-2-butanone (29.3 g, 0.34 mole) in 250 ml of 
dry ether and the resulting solution was stirred at room temperature 
overnight. A small amount of precipitated As,O, was removed by 
filtration. The ether filtrate was freed from solvent andthe 
residue was distilled. Only 3-methyl-2-butanone and tris-dimethyl- 
aminoarsine were obtained. No evidence of enamine formation 


was obtained and hence, this procedure was not investigated 


further. 


Methyl 6-isobutyrylpropionate was prepared by a modification of 
the method of Stork and coworkers (52). 
The above enamine of 3-methyl-2-butanone (5.7 g, 0.05 


mole) was dissolved in 50 ml of dry methanol and to this was added 
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ethyl bromoacetate (8.35 g, 0.05 mole). This solution was stirred 
and heated under reflux for 16h, after which 10 ml of water was 
added and the refluxing continued for another hour. The excess 
methanol was removed and the residue was poured into 75 ml of 
water at room temperature. The mixture was extracted with ether 
(3 x 75 ml). The ether extracts were washed once with saturated 
sodium chloride solution, dried over magnesium sulfate, separated 
from the solid and freed from the solvent. The residue when 
distilled gave a colorless liquid (2.3 g, 32%). B.p. 86-87°C at 

8 mm; ae eee tl. 


Anal. .Gaicd, for.C fer OS bee rice ie 


81403 
Teounde C400 6): Hs 9.00, 

The n.m.r. spectrum in CDCl was consistent with the 
proposed structure showing a singlet at ? 6.37 (3H), a multiplet 
between ~e7.0 andl7...7.( 5) pand a*doubletat, .7,8.88.,1J 2-07 Hz (6H). 


The i.r. spectrum (neat) showed absorption bands at 1740 


cm7! and 1710 cm} corresponding to the two carbonyl groups. 


¥-Isopropyl- ¥-butyrolactone was prepared by the procedure 
described below. 

Methyl #-isobutyrylpropionate (2.0 g, 0.0127 mole) was 
dissolved in 20 ml of dry methanol and then cooled to 0°C in an 
ice bath. To this solution, vigorously stirred, was added sodium 
borohydride (0.25 g, 0.0064 mole) in small portions. This 


mixture was then stirred overnight at room temperature . The 
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excess methanol was removed and 4 ml of 50% H5SO was added to 


4 
the stirred residue. This solution was then extracted with ether 
Ceenou mi). tne compined ether extracts were dried dver mag= 


nesium sulfate, separated from the solid and the filtrate freed from 
solvent. The residue was distilled to give a colorless liquid (1.5 g, 
93%). B.p. 56°C at 0.5mm; ng? 1.4416. Lit. b.p. 98°C at 
sein; ne 1.4410 (94). | 
Anal: Galcd? for CH) 50,: Cotes 64" = Hs OFS. 

Found: “G7 °65 7 8Gr rs 9746. 

Pere tirtil,t.. oprecur Util Sir CDCl, was consistent with the 
proposed structure, showing a multiplet between 75.6 and 6.1 
(1H), a very broad multiplet between 77.3 and 8.5 (5H) and two 
Gouplets at 78.97 and 9°09 (6H), J = 4.5 Hz for both doublets. 

The i.r. spectrum (neat) showed a broad absorpiton band 


-l 
! and 1760 cm as well as broad bands between 


1 


between 1770 cm 


PW00%em Plsand 1230 cm-!., and 950 cm7! and 1050 cm” 


3-Carbomethoxy -5-isopropyl-2-methoxytetr ahydrofuran was 
prepared by a modification of the method of Korte and coworkers 
(36, 37) as described by Miss Makhubu (5). 

Sodium metal (3.6 g, 0.15 mole) was powdered with a high 
speed stirrer in xylene by heating the sodium to near its melting 
point in xylene and then cooling it gradually to room temperature 
while the mixture was vigorously stirred. The xylene was 


decanted, the powdered sodium was washed with dry ether 
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(2 x 100 ml) and then it was suspended in 100 ml of dry ether. 
Absolute ethanol (1 ml) was added dropwise with vigorous stirring. 
To this mixture, kept at room temperature, was added continuing 
the vigorous stirring, a mixture of the Y-isopropyl-yY -butyrolactone 
(12 98 a, 0:1’ mole) ‘and ethyl formate (7.5 ¢, 0.1 mole) im100'm1 of 
dry ether. This solution was then stirred at room temperature for 
12h. A solution of 12 g of hydrogen chloride gas dissolved in 100 
ml of dry methanol was added dropwise. The resulting solution 
was stirred at room temperature for another 8h, after which the 
sodium chloride was separated and washed with 50 ml of dry ether. 
The combined ether filtrate and washings were in turn washed with 
saturated aqueous sodium carbonate (2 x 75 ml) and then dried over 
magnesium sulfate. The ether solution was then filtered to remove 
the drying agent and the filtrate freed from solvent. The residue 


was distilled to give a colorless liquid (16 g, 81%). B.p. PORCORE 


1 mm; not 1.4392. 
meal, “Calcd. for C1 9H 904: te oy sts. Be BAT ee Mie 


mou. Si oo. aoe hl, Foe. 
hen. m,7.. spectrum in CDCl, was consistent with the 
proposed structure, showing a multiplet contenad Steceen eli, 
two sharp singlets at 76.33 (3H) and 76.70 (3H), a broad multiplet 
between «6.8 and 7.2 (1H), a very broad multiplet between 77.5 


and 78.5 (3H) and a multiplet centered at t 9.1 (6H). 
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3-Carboxy-5-isopropyl-2-methoxytetrahydrofuran was prepared 
by a modification of the procedure of Korte and coworkers (36) as 
dort teaield by Miss Makhubu (5). 

The 3-carbomethoxy-5-isopropyl-2-methoxytetrahydro- 
furan (6 g, 0.03 mole) was added to a solution of 5 g of sodium 
hydroxide in 70 ml of water and the resulting mixture stirred 
overnight at room temperature. This treatment failed to dissolve 
the ester completely. However, the addition of more sodium 
hydroxide (3 g) and water (30 ml) effected complete solution. The 


solution was neutralized with 50% H5SO toe pH of 4 to 6 and then 


4 
saturated with sodium chloride. It was then extracted three times 
with ether. The ether extracts were dried over magnesium sulfate, 


separated from the solid and the filtrate freed from ether to give 
the acid as a syrupy liquid (4.1 g, 74%). Further purification was 
not attempted. The crude syrup was immediately subjected to the 


next step of the synthesis. 


cis -tr ans -5-Isopropyl-2-methoxytetrahydrofuran was prepared by a 





modification of the procedure of Korte and coworkers (36). 

The crude acid (4.1 g, 0.022 mole) was dissolved in 20 ml 
of quinoline to which was added a trace of anhydrous cupric sulfate 
catalyst. The flask was arranged for riderdw chic distillation with 
the collecting flask cooled in a dry peeetatons bath. The distillation 
flask was heated at 200-210 C in an oil bath while nitrogen gas was 


bubbled through the heated solution. The infrared spectrum of the 
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distillate showed it to be a mixture of 5-isopropyl-2-methoxytetra- 
hydrofuran and 2-isopropyl-2 ,3-dihydrofuran along with some 
Ptah. Bence ~therdistillate was stirred into 5:ml,of dry 
methanol containing a trace of p-toluenesulfonic acid. The 
solution was stirred at room temperature for 6h, after which 
1-2 g of solid sodium carbonate was added with stirring. Fifteen 
minutes later the suspension was filtered and the filtrate fraction- 
ally distilled to give a colorless liquid (7.5 g from 24 g of Y-iso- 
propyl-yY -butyrolactone or 28% overall yield). B.p. 80°C at 95 mm; 
AL I2 
Anal, Calcd. for CoH) 60>: Gerooe os: ticles. 

Hound G.,"OOe01s) 1G Lisl. 

The n.m.r. spectrum in CCl, was consistent with the proposed 
structure, showing two overlapping quartets centered at %5.2 (1H), a 
multiplet between 76.2 and 6.6 (1H), a sharp singlet at 76.82 (3H), 

a broad multiplet between 78.0 and 8.7 (5H) and a multiplet between 
Toe ange). 3 (6H): 
The g.l.c. analysis on a butanediol succinate column 


showed two overlapping peaks in the approximate area ratio of 3 


LO 2. 
2. cis-trans-5-t-Butyl-2-methoxytetrahydrofuran 


2-Dimethylamino-3 ,3-dimethyl-1-butene (the dimethylamine enamine 
of 3 ,3-dimethyl-2-butanone) was prepared from 3 ,3-dimethyl-2- 


butanone (pinacolone) , dimethylamine and titanium tetrachloride by 
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the method of White and Weingarten (51) as described above for the 
preparation of 2-dimethylamino-3-methyl-1-butene. 

A colorless liquid was obtained (8 g from 10 g of the ketone, 
or 63%). B.p. 105°C at 690 mm; ae 1.4308. Lit. b.p. 57°C 


PAS) 
Seavert rye or. rea on ys 


Pinacol hydrate (2 ,3-dimethyl-2 ,3-butanediol) was prepared by the 
method of Adams and Adams (95). 

In a 5 1 round bottom flask were placed 80 g of magnesium 
turnings and 800 ml of dry benzene. To this stirred solution was 
added, gradually, over a period of 10-15 min. , 90 g of mercuric 
chloride dissolved in 400 g of dry acetone. An exothermic 
reaction resulted and the addition was adjusted to maintain the 
solution at a gentle reflux. When this solution of mercuric chloride 
was added, a further quantity of acetone (200 g) and benzene (200 
ml) was added. When the reaction began to subside, heat was 
applied until no further reaction was evident. By this time, a 
solid had filled about half of the flask thus interfering with the 
efrective Stir finp or thermirxture’ 

When the reaction was completed, 200 ml of water was 
added. The solution was heated under reflux for one h, then 
cooled to 50°C and the solid was removed by filtration under 
vacuum through a Buchner funnel, The solid was washed with 
500 ml of benzene and the combined filtrate and washings evaporated 


to one half the volume, after which 300 ml of water was added. 
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The solution was cooled to 10-15°C in a refrigerator for 6-12 h 
while the pinacol hydrate crystallized. 

The white, flaky precipitate was collected by filtration 
under vacuum. Since it was subjected, without further purification 
to the next step of the preparation of pinacolone, no yield was 


determined. 


Pinacolone (3 ,3-dimethyl-2-butanone) was prepared by the method 
of Hill and Flosdorf (96). 

In a 2 1 round bottom single neck flask, equipped for 
SO 


downward distillation, were placed 750 ml of 6NH and 250 g 


e 4 


of crude pinacol hydrate prepared as described above. The solution 
was heated and stirred by a magnetic stirrer until the top layer of 
the distillate ceased to increase in volume. The two layers of the 
distillate were separated and the water layer was returned to the 
distillation flask with another 250 g of pinacol hydrate. This 
distillation procedure was repeated until all the pinacol hydrate 

had been converted to pinacolone. 

The combined pinacolone distillates , after having been 
separated from the water layers, were dried over magnesium 
sulfate. The solid was removed and the filtrate fractionally 
distilled through a 12 inch Vigreux column. The fraction boiling 
between 100-105°C provided pinacolone as a colorless liquid (53 g 
from 100 g of pinacol hydrate or about 65% yield). B.p. 100-105°C 


at 700 mm; nf’ 1.3961. Lit. b.p. 103-107°C at 760 mm; 
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Methyl £-pivalylpropionate was prepared by a modification of the 
method of Stork and coworkers (52) as described above for the 
preparation of methyl f -isobutyrylpropionate. 

The product was a colorless liquid obtained in a 38% yield 


(16 g from 45 g of the enamine). B.p. 80°C at 4mm; He 1.4303. 


ie 
mrnal, Caicdvifor 'G 


gi) 603: Ge Gey 767 TQS 7i. 
Mound ¥ OGs,1562799:;- Hee 9 eGAt 
Phe jm ry spectrum “in CDCl, was consistent with the 
structure of methyl ¢-pivalylpropionate showing a singlet at 76.32 
(3H), a multiplet between 7 7.0 and 7.5 (4H) and a singlet at 78.83 
(9H). 


The i.r. spectrum (neat) showed absorption bands at 1735 


cm7! and 1700 anal attributable to the two carbonyl groups. 


y -t-Butyl-Y -butyrolactone was prepared from methyl ¢-pivalyl- 
propionate by a sodium borohydride reduction and acid catalyzed 
cyclization as described for the preparation of Y-isopropyl-yY- 
butyrolactone. 


The product was a colorless liquid (13 g from 16 g of keto- 
22 

Aue, 

AvialjuG@al cd: cfor C eH) 402: Gyt67e Siyathhow2% 


ester or 98% yield). B.p. 74°C at 2 mm; 1.4453. 


FPounds#oGe 66052e"Hr,'9798. 
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proposed structure, showing a multiplet at 75.8 (1H), a broad 
multiplet between 77.2 and 8.2 (4H) and a sharp singlet at 79.05 
(9H). 

The i.r. spectrum (neat) showed a strong absorption at 


Pedecrn attributable to the lactone group. 


5-t-Butyl-3-carbomethoxy -2-methoxytetrahydrofuran was prepared 
from y-t-butyl- 7Y-butyrolactone by the modified procedure of 
Korte et al (36, 37) as previously described for the preparation of 
3-carbomethoxy -5-isopropyl-2-methoxytetrahydrofuran. 

The distilled product still contained a small amount of 
unreacted lactone which could not be removed by fractional distil- 
lation. The keto-ester , containing a small amount of lactone 
(3-4%) , was obtained in a 63% yield (13.5 g from 14.2 g of lactone). 
cant 95°C at 3 mm; a 1.4380. An analysis was not attempted. 

The n.m.r. spectrum in CDCl, was consistent with the 
proposed structure,showing a multiplet centered at 74.85 (1H), a 
singlet at 76.3 (3H), a singlet at 76.63 (3H), a broad multiplet 
between 77.0 and 8.2 (4H) and a singlet at 79.10 (9H). 

The i.r. spectrum (neat) showed an absorption band at 


1740 cm7! attributable to the carbonyl group. 


5-t-Butyl-3-carboxy-2-methoxytetrahydrofuran was prepared by 
the modified procedure of Korte and coworkers (36) as previously 


described for the preparation of 3-carboxy-5-isopropyl-2-methoxy - 
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tetrahydrofuran. 
A syrupy oil was obtained which was not purified but 


immediately subjected to decarboxylation. 


cis -trans -5-t-Butyl-2-methoxytetrahydrofuran was prepared by the 
modified procedure of Korte et al (36) as previously described for the 
preparation of 5-isopropyl-2-methoxytetrahydrofuran. 


The product was a colorless liquid obtained in 10% yield 


from the lactone. B.p. 97°C at 110 mm; ne 1.4257. 
Allats Calcd. for Col) gO: rh ea lee 


Peorre Ce bo. SG. Fle ers, 
Pare ieee SOC CTL ON “1th CCl, was consistent with the proposed 
structure , showing two overlapping quartets centered at 75.1 (1H), 
a broad multiplet between 16.2 and 6.6 (1H), a singlet at 76.74 
(3H), a multiplet between 7; 8.0 and 8.6 (4H) and a singlet at 79.14 
(911). 
The g.l.c. on a butanediol succinate column showed the 


cis and trans isomers as two completely separated peaks in a ratio 


ofp to 45, 
3. cis-trans-2-Methoxy-5-phenyltetrahydrofuran 


1-Dimethylamino-1-phenylethylene (the dimethylamine enamine of 
acetophenone) was prepared by the method of White and Weingarten 
(51) as previously described for the preparation of 2-dimethyl- 


amino-3-methyl-1-butene. 
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A colorless liquid was obtained. B.p. 84°C at 20 mm. 
Lit. b.p. 51°C at 2.1 mm (53). 

However, the n.m.r. andi.r. spectra showed the product 
to be a 1:1 mixture of enamine and acetophenone. Since distillation 
would not separate the two compounds, the mixture was subjected 


to the next step of the synthesis. 


Methyl s-benzoylpropionate was prepared by the modified procedure 
of Stork et al (52) as previously described for the preparation of 
methyl f-isobutyrylpropionate. 

A pale yellow liquid was obtained but only in 21% yield from 
the enamine-ketone mixture. B.p. 100°C at 0.2 mm; ae her Of oy 
Lit. b.p. 119-120°C at 0.4 mm; nt® 1.5260 (97). 
¥-Phenyl- 7-butyrolactone was prepared from methyl 4-benzoyl- 
propionate by the procedure previously described for the preparation 
of Y-isopropyl- ¥-butyrolactone. 

However , upon distillation of the residue from the ether 
extractions, extensive charring took place and only a few drops of 
the lactone were obtained. B.p. L2A-G at-1sOmm. «Lat, eas 
130°C at 15 mm (54). | 


This procedure was abandoned in favor of the procedure 


described below. 


(1 ,2-Epoxyethyl)benzene (styrene oxide) was prepared by the method 


of Golumbic and Cottle (55). 
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Mercuric oxide (32.6 g, 0.15 mole) and styrene (28.2 g, 
0.3 mole) were stirred into 300 ml of ether previously saturated 
with water. To the resulting mixture, vigorously stirred, was 
added iodine (75.6 g, 0.3 mole) in small portions. After complete 
addition of the iodine, the solution was stirred for one hour at room 
temperature and then filtered. The filtrate was washed with dilute 
aqueous sodium bisulfite, dried over magnesium sulfate and filtered 
free of the solid. The filtrate, cooled in an ice bath, was then 
stirred vigorously while 56 g (1.0 mole) of potassium hydroxide 
was added in small portions, When the addition was complete, the 
solution was stirred at room temperature for one day. The ether 
was then decanted from the solid and the solid was washed with 
ether. The combined ether solutions were dried over magnesium 
sulfate , filtered free of the solid and the filtrate freed from ether. 


The residue was distilled, and gave a colorless liquid (18.3 gpa i be 


ge 


ieee Lit. bap. ot env Gra. 23 


fo) 
eee Or od CG at 2U vin, 1 


mm; he 1.5331 (55). 


Y-Phenyl-Y-butyrolactone was prepared by a modification of the 
method of Russell and Vanderwerf (54). 

Sodium hydride (16 g, 0.4 mole of a 60% suspension in 
paraffin) was washed with pentane, dried under nitrogen and 
suspended with stirring in 500 ml of dry DME (1 ,2-dimethoxyethane). 
The mixture was cooled in an ice bath and stirred while diethyl 


malonate (64 g, 0.4 mole) was added dropwise. After the addition 
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was complete, the solution was heated under reflux for 2h. With 
continued refluxing and vigorous stirring, styrene oxide (48 g, 0.4 
mole) was added dropwise. This solution was heated under reflux 
for 3 h and then the DME solvent was removed. An aqueous 
solution of potassium hydroxide (45 g in 200 ml of water) was 

added to the residue with stirring and the resulting mixture was 
heated under reflux for 1h. The ethanol which was formed was 
removed on a rotary evaporator and the residual material was first 
SO, and then saturated with sodium 


2g ate 


chloride. This solution was extracted with ether and the ether 


acidified with 50% aqueous H 


extracts were dried over magnesium sulfate, filtered free of solid 
and the filtrate freed from ether. The residue was heated to 160°C 
under atmospheric pressure in a distillation apparatus while nitrogen 
was bubbled through the solution in order to provide an inert atmos- 
phere as well as to assist in carrying over the vapors. When the 
decarboxylation reaction had ceased, the residue was distilled 
under vacuum to give a colorless liquid (35 g, 54%). B.p. 2350 
gees mm: ne” 1/5392, Litt b.p. 130°C_at 1.5 mm: eS 
1.5418 (54). | 

The original procedure of Russell and Vanderwerf was 
attempted as described below. 

Styrene oxide (48 g, 0.4 mole) was added dropwise to a 
refluxing solution of sodiomalonic ester prepared by adding 64 g 


(0.4 mole) of diethyl malonate to sodium metal (9.6 g, 0.4 mole) 


previously dissolved in 300 ml of absolute ethanol. The resulting 























13: W. aS . youllex + Lety balsas saw aoitlos alt etal 


-) sb sowie ,attitita ae ue tagiv hak ying | : — ‘ 
. ; o4 age ia 7 
\ .s - 7 


polgad aaw notiuioes etdT -eekwqorb babbs ada nay 


oouns HA 6. Leyonret caw trevio€ 2Ma 7 nodt be. df 


s rere i -- 7 co oa 4 f by} 
(sejaw te ler OOS ai gy &>) ebixorhya mite: 26104 Yo tik 


. 4 Te 


kit eniivesot off bow yatoabte dthew ovbia st od3.93 


cs y 

mwWicenw dette lonsadie si , A 1.20) apites mee Lae 
j \ = 
(ois 10gaV9 YIsIOt & H9 Ssvouted 
al . a3 


nod? bes ,O8 1 apgoups #02 daiw badd bios 
ie sd} bas 19 dtive vhed asw noiulor aidT 


in “a 


< 


loa lo os} ait) , Misithy uc £ePS NT TOVO bolts stow. ‘Osta 


aK 


Wi ol beisad saw subieatefl . seit poh boon) ota aitt od P tba 

we 74 _ y 

atin ofoedw. eu decreqs pio tiach s ak sagaastg sixadqeorsis ane 
bs 44 


‘, , ee Ph, 
-2ocis dusai ne shi 1 ot tobto af aertylow od} dgvoxrd! belde ud as 
; —9 : : ‘we ~~ 

i; ; " A / . eee 
N pwegey ani “tro giv tena Of IoseEs 0}, Memes 


idan - “ aah oo 43 , ox 3D bot Tite: died chsh 


772 
+ 


oe > 
1 B- T) ) 


‘th! ,ava .Phe , a SE) Piigpel vex Crokos 6 alg QI CFLS; 1 1 rok ah 
a 5 — . * 7 = 
Che igetrer 2.) fe OPOEE Lad hel S022 “A e ae on 8,0 


a Cae oars re aia th 


enw teow Shy ev bre i oe wis te ovbosdxy Lanig fs Pe a 
‘ el ; ; . ‘ oa}, Coe e a 
: wobad ssh bea 


7 is : 
Py Od Se4 ates BShhjas ' 24 We (site ont tb ode bs x aes 32. ; 


stnaoes 
2 Pid grt 1s id boaaiotg iefe9 pias 
(ober b. 0: ALO) ie ie jones 
ad sag * ie 
grittiaes oT eeagits Jinko 
: " eer Serra we 


207 


mixture was heated under reflux for 3 hh. The remainder of the 
work-up was as described above starting with the addition of 45 g 
of potassium hydroxide in 200 ml of water. 

The residue obtained from the decarboxylation was distilled 
and gave 41 g (63%) of a colorless liquid to which the structure 
2-ethoxy-1-hydroxy-1l-phenylethane was assigned. B.p. 105°C at 
7mm; np 1.5067. 

The n.m.r. spectrum in CDCl, was consistent with the 
proposed structure, showing a singlet at 72.7 (5H), a doublet at 
5.097, = 4.5 Hz and a‘doublet‘at* 7.5.20; J. = 44°55 Hz 41H)}' a broad 
multiplet between + 6.2 and 6.8 (5H) and atriplet centered at 78.83 
(3H). One proton in the multiplet between 76.2 and 6.8 was lost 
when the material was shaken with DO. 

The n.m.r. spectrum in DMSO-d¢ was the same except 
for a doublet at +t 4.74 (1H) while the integrated area of the multiplet 
between 7 6.2 and 6.8 indicated that it corresponded relatively to 
only 4 protons. 

The i.r. spectrum (neat) showed a broad absorption band 
between 3600 and 3100 erie , attributable to a hydroxyl group, as 
well as a broad band between 1150 cm! and 1000 cm7! (C-O stretch) 


i ] 


and two sharp bands at 751 cm ~~ and 695 cm ~ attributable to the 


phenyl ring. 


3-Carbomethoxy -2-methoxy-5-phenyltetrahydrofuran was prepared 


from Y-phenyl-¥-butyrolactone by the modified procedure of Korte 


Tos . 
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and coworkers (36, 37) as described for the preparation of 5-iso- 
propyl-3-carbomethoxy-2-methoxytetrahydrofuran. 

A colorless liquid was obtained in 78% yield (18.5 g from 
16.2 g of the lactone). B.p. 125°C at 0.5 mm; a Thee 
Anal. Calcd. for C1 3H) 604: Creeo vc: ri 6.65. 

Found: Cre00., lai) fr405. 90" 

MNGET 1. ts spectrum in CDCl, was consistent with the 
proposed structure, showing a multiplet between 7 2.5 and 2.8 
(5H), a multiplet between 74.5 and 4.9 (1H), a multiplet between 
foe reno 6.0 (2h)ea doublet at 76.28, J = 2 Hz (3H), a multiplet 
between 76.5 and 6.8 (3H) and a broad multiplet between 77.3 
ana’s., 0:(ZH). 

1 


The i.r. spectrum (neat) showed an absorption at 1740 cm™ 


attributable to the carbonyl group. 


3-Carboxy-2-methoxy-5-phenyltetrahydrofuran was prepared by the 

modified procedure of Korte et al (36) as previously described for 

the preparation of 3-carboxy-5-isopropyl-2-methoxytetrahydrofuran. 
A syrupy oil was obtained which was immediately subjected 


to decarboxylation without further purification.. 


cis -trans -2-Methoxy-5-phenyltetrahydrofuran was prepared by a 








modification of the procedure of Korte and coworkers (36). 
The syrupy acid, in a vacuum distillation apparatus fitted 


with a nitrogen bleed, was heated in an oil bath at 140°C. The 
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pressure was decreased to 1-2 mm for the decarboxylation and a 
colorless liquid distilled at 60 C at 1.5mm. This liquid was 
stirred into dry methanol containing a trace of acid and the resulting 
solution was stirred and heated at 40°C overnight. The solution 
was cooled and sodium carbonate (1 g) was added. The mixture 
was stirred for 15 min after which the solid was removed by 
filtration and the filtrate freed from methanol. The residue was 


distilled and gave a colorless liquid (54% yield from the lactone). 


B.p. 85°C at 0.8 mm; ns 1.5130. 
Anal. Calcd. for C11 40,: Ch v4 iss shee? 92. 


Found: OEY fF hea Ot aoa kes Be 
The n.m.r. spectrum in CCl, was consistent with the proposed 
structure, showing a multiplet at v2.8 (5H), two overlapping quartets 
centered at =5.0 (2H), a multiplet at 76.7 (3H) and a broad 
multiplet between 77.7 and 8.4 (4H). 
The i.r. spectrum showed a broad absorption band between 


1 and 1000 cm7! (C-O stretch) and sharp absorption bands 


1120 cm 
at 750 cm! and 695 cm7! (attributable to the phenyl group). 


The g.l.c. analysis on an Apiezon T column showed a 


single symmetrical peak for the cis-trans isomer mixture. 


4. cis-trans-5-Methyl-2-methoxytetrahydrofuran 


~~ 


3-Carbomethoxy -5-methyl-2-methoxytetrahydrofuran was prepared 


by the modified procedure of Korte et al as previously described 


for the preparation of 3-carbomethoxy-5-isopropyl-2-methoxy - 
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tetrahydrofuran. 
A colorless liquid was obtained (206 g from 200 g of valero- 


fecioue,, 97.590 yiela), 6.p. 52°C at 1 mm: 
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3-Carboxy-5-methyl-2-methoxytetrahydrofuran was prepared by the 
modified procedure of Korte et al (36) as previously described for 
the preparation of 3-carboxy-5-isopropyl-2-methoxytetrahydrofuran. 


A syrupy oil was obtained which was immediately subjected 


to decarboxylation without further purification. 


—=> — eee 


cis -trans -5-Methyl-2-methoxytetrahydrofuran was prepared by the 
modified procedure of Korte et al (36) as previously described for the 
preparation of 5-isopropyl-2-methoxytetrahydrofur an. 


The product was a colorless liquid obtained in a 20% yield 


from ~Y-valerolactone. B.p. 110°C at 695 mm; noe 1.4080. 
30 
Lit. b.p. 108-109°C at 695 mm; nj, 1.4127 (5). 


1ne nN. Mm.t, spectrum in CCl, was consistent with the 
proposed structure, and is shown in Figure 5. It showed two quartets 
at to,0¢ and 75,10(1H), a multiplet between 75.8 and 6.2 (1H), a 
sharp singlet at +t 6.78 (3H), a multiplet Sereeen ™ 7.9 and 8.4 (4H) 


and two doublets centered at 78.78 and 8.85, J = 6.0 Hz (3H). 
5. cis-trans-5-Methoxymethyl-2-methoxytetrahydrofuran 


2-Methoxymethyl-3 ,4-dihydro-2H -pyran was prepared by the 





methylation of 2-hydroxymethyl-3 ,4-dihydro-2H-pyran according 
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to the method of Diner and coworkers (71). 

A 60% suspension of sodium hydride in paraffin (43 g, 
1.0 mole) was washed with pentane, dried under nitrogen and 
suspended with stirring in 500 ml of dry DME (distilled from 
LiAlH,). To this suspension was added methyl iodide (142 g, 1.0 
mole), after which the stirred mixture was cooled in an ice bath to 
10°C, The alcohol, 2-hydroxymethyl-3 ,4-dihydro-2H-pyran (114 g, 
1.0 mole) in 100 ml of dry DME, was then added dropwise with 
continued stirring, maintaining the temperature at 10°C. When 


the addition was complete, the solution was warmed to room 


temperature and stirred overnight. The DME solvent was removed 
and the residue taken up in ether. The mixture was filtered free 
of sodium chloride and the filtrate freed from ether. The residue 


was distilled and gave a colorless liquid (71.0 g, 55.5%). B.p. 


67-69°C at 30 mm; nos 1.4458. Lit. b.p. 58-60°C at 20 mm; 
ne 1.4545, 
AnalmGalod. for C_H,,0,: Girh beS9sér Eiy 29. S6r 


Fotnds a sCisio5d 63-00 Eh) 19 2163 


2 ,3-Dihydroxy -6-methoxymethyltetrahydropyran was prepared using 
the modified procedure of Barker and coworkers (98) employed by 
Miss Makhubu (5). 

To a solution of 80% m-chloroperoxybenzoic acid (55 g, 
0.2 mole) dissolved in 400 ml of wet ether at 0°C, was added drop- 


wise, 2-methoxymethyl-3 ,4-dihydro-2H-pyran (26 g, 0.2 mole). 
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After the addition was complete, the SPITE was warmed to room 
temperature and stirred for 24h. All of the ether was removed 
and the residue taken up in cold chloroform, in which benzoic acid 
is relatively insoluble. The chloroform was filtered free from the 
benzoic acid and washed yaith an aqueous sodium bicarbonate solution 
until neutral. The sodium bicarbonate washes were, in turn, 
washed with chloroform and the combined chloroform extracts were 
dried over magnesium sulfate. The solid was removed by filtration 
and the filtrate freed from solvent. The crude diol (30 g, 99%), 
which remained, was subjected to the next reaction without further 


purification. 


2-Hydroxy-5-methoxymethyltetrahydrofuran was prepared following 
the procedure of Miss Makhubu (5). 

The crude 2 ,3-dihydroxy-6-methoxymethyltetrahydropyran 
(16 g, 0.1 mole) was added dropwise to a solution of periodic acid 
(22.5 g, 0.1 mole) in 200 ml of a 1 to 1 mixture of water and dioxane. 
The mixture was stirred at room temperature for 12 h and then 
solid sodium bicarbonate was added gradually to neutralize the acids 
in the reaction mixture. The slightly alkaline mixture was extracted 
continuously with chloroform for 24 h. The chloroform layer 
was separated and dried over magnesium sulfate to which was 
added some sodium thiosulfate to remove any liberated iodine. 
The chloroform solution was filtered and the filtrate free from 
solvent to give 11.5 g (88.5%) of crude hemi-acetal. This material 


was not purified but was simply subjected to the next reaction. 
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cis -trans-5- Methoxymethy] -2-methoxytetrahydrofuran was prepared 








by the method described by Miss Makhubu (5). 

The crude 2-hydroxy-5-methoxymethyltetrahydrofuran 
(11.5 g) was stirred at room temperature for 6 h with 100 ml of 
anhydrous methanol to which a few drops of concentrated hydro- 
chloric acid had been added. Solid sodium bicarbonate (2 g) was 
added and the resulting suspension was stirred vigorously at room 
temperature for 15 min. The solid was removed by filtration and 
the methanol was removed by fractional distillation. The residue 
was distilled under reduced pressure to give a colorless liquid 


(7.1 g, 55%). B.p. 65°C at 50mm; ng? 1.4242, Lit. dup. 


90-93°C at 140mm; no 1.4248. 

ihe n.m.r. spectrumtin CDCl, was consistent with the 
structure proposed, showing two overlapping quartets in a ratio 
between 1:1 and 3:2 at 75.1 (1H), a multiplet between75.8 and 6.2 
(1H), a multiplet between 76.6 and 6.8 (8H) and a multiplet between 


7.9 and 8.5 (4H). 


6. cis-trans-5-Benzyloxymethyl-2-methoxytetrahydrofuran 





2-Benzyloxymethyl-3 ,4-dihydro-2H-pyran was prepared by a 
modification of the procedure of Diner and coworkers (71). 

A 60% suspension of sodium hydride in paraffin (43 g, 1.0 
mole) was washed with pentane, dried under nitrogen and suspended 
with stirring in 500 ml of dry DME (distilled from LiAlH,). To 
this suspension was added benzyl chloride (127 g, 1.0 mole), after 


. : fe) 
which the stirred mixture was cooled in an ice Bath fo. LOeG fee 
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alcohol, 2-hydroxymethyl-3 ,4-dihydro-2H-pyran (114 g, 1.0 mole) 
in 100 ml of dry DME, was then added dropwise with continued 
stirring, while the temperature of the reaction mixture was main- 
tained at 10°C. When the addition was complete the solution was 
refluxed for one hour and then stirred overnight at room temperature. 
The DME solvent was removed and the residue taken up in ether. 
The mixture was filtered free of solid sodium chloride and the 
filtrate freed from ether. The residue was distilled and gave a 
colorless liquid (127 g or 85% since 31 g of unreacted alcohol was 
also recovered). B.p. 119°C at 2.5 mm; nv 1.5238. 

Wal. Caled. for C13H 60>: C, 16.443) He oy.65 . 


Mound (Gn roc ob ae Diet 0. 


6-Benzyloxymethyl-2 ,3-dihydroxytetrahydropyran was prepared by 
the modified method of Barker and coworkers (98) as previously 
described for the preparation of 2 ,3-dihydroxy-6-methoxymethyl- 
tetrahydropyran. 

A crude oil was obtained (97% yield) which was immediately 


subjected to the next reaction without further purification. 


5-Benzyloxymethyl-2-hydroxytetrahydrofuran was prepared by the 
method of Miss Makhubu as previously described for the preparation 
of 2-hydroxy -5-methoxymethyltetrahydrofuran. 

The crude material was recovered in 94% yield and was 
immediately subjected to the next reaction without further purifi- 


cation. 
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cis-trans -5-Benzyloxymethyl-2-methoxytetrahy drofur an was prepared 
by the method of Miss Makhubu (5) as previously described for the 
preparation of 5-methoxymethyl-2-methoxytetrahydrofuran. 

A colorless liquid was obtained in 75% yield. B.p. 86- 
87°C at 0.08 mm; n&* 1.5014. 
hod eGalcd,*for eh sHy 50,7" C S70 ecoerH, S216. 

Moma: “Cr YPC; Ab, Fh e9o: 

The n.m.r. spectrum in CCl, was consistent with the 
structure proposed, showing a singlet at 72.75 (5H), two overlapping 
multiplets in the ratio of 3:2 att™5.1 (1H), a doublet‘at75.49 (2H), 
J= 1.0 Hz, a broad multiplet’ between 75.7 and 6.0 (1H), a multiplet 
between 76.4 and 6.8 (5H) and a broad multiplet between 78.0 and 
Bot, 

The g.l.c. analysis on a butanediol succinate column 


showed a single symmetric peak. 


7. cis-trans-2-Isopropoxy-5-methyltetrahydrofuran was prepared 
as described below, 

The acetal, 5-methyl-2-methoxytetrahydrofuran (6.8 g, 
0.05 mole), was mixed with 20 ml of isopropyl. alcohol in a 50 ml 
pear-shaped flask. The flask was set up for downward distillation 
with nitrogen gas being bubbled through the solution. A trace of 
p-toluenesulfonic acid was added and the solution was heated at 
80-90°C. A mixture of methanol and isopropyl alcohol distilled 
between 60-80°C. The distillation was continued until the temper - 


ature became constant at 80°C and only isopropyl alcohol was being 
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collected. The solution was cooled, treated with solid Na2CO, 


(1 g) and then stirred at room temperature for 15 min. The filtrate 
was then fractionally distilled to remove the remaining isopropyl 


alcohol. The residue was distilled and gave a colorless liquid 


eo 
D 


nel. Galed. for CoH) 40,: eno be eer 8 ee BG, 


(4.3 ¢, 60%). B.p. 136-139°C at 700 mm; n Veen oe 
Gin mG GOn ore Fl LO. oo 


The n.m.r. spectrum in CCl, was consistent with the structure 


4 
proposed, showing two overlapping quartets at7v5.0 (1H), a broad 
multiplet between 75.8 and 6.5 (2H), a broad multiplet between 
ar 7 and 8.3 (4H) and a multiplet between 7 8.6 and 9.0 (9H). 


The g.l.c. analysis on a butanediol succinate column 


showed one symmetrical peak for the cis-trans mixture. 
C. Synthesis of the 2-Aryloxytetrahydrofurans. 


2 ,3-Dihydrofuran was prepared by the method described by Eliel 
and coworkers (4) which was a modification of a previously 
published procedure (100). 

The ether, 2,5-dihydrofuran (70 g, 1.0 mole), was mixed 
with 30 ml of t-butyl alcohol and 15 g of potassium t-butoxide. The 
resulting mixture was sealed in an autoclave and heated with 
stirring at 175°C for 8h. It was then cooled to room temperature 
and the liquid fractionally distilled in a spinning band column. 


O 
The 2 ,3-dihydrofuran boiled between 53 and 55 C at 700 mm and 
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was collected in a receiver cooled in dry ice (no? 


D 
2 
nee 1.4200 (4). Yield, 50 ¢, 63%. 


We4235). Mane. 


b.p. 53-55°C at 745 mm; 


2-Phenoxytetrahydrofuran was prepared by a modification of the 
procedure of Eliel and coworkers (4). 

Phenol (9.4 g, 0.1 mole) and 2 ,3-dihydrofuran (7.0 g, 
0.1 mole) were stirred into 50 ml of tetrahydrofuran to which a 
trace of p-toluenesulphonic acid was subsequently added. An 
exothermic reaction took place and when the reaction started to 
subside , the solution was heated to 50°C for,one. ba. .Lne.mixture 
was cooled to room temperature and 25 ml of ''Claisen's Alkali" 
(57) was added, followed by 100 ml of dry ether. The solution was 
shaken vigorously and the layers separated. The ether layer was 
dried over magnesium sulfate, filtered free of solid and the filtrate 
freed from ether. The residue was distilled to give a colorless 
memonise5 p. 82%). B.p. 86 Cat 2.8mm; ny 1.5217. 
Amalie Calcd. for Ci oH) 2: ety e095 Cy Eh 

Lesh sa PE On (oR Ye) se tol 

Thein.m.r. spectrum in CCl, was consistent with the 
proposed structure, showing a broad multiplet between *2.6 and 
3.4 (5H), a multiplet centered at 74.37 (1H), a multiplet between 
™5.9 and 6.4 (2H) and a multiplet between 77.8 and 8.4 (4H). 

The following compounds were all prepared from the 
corresponding phenol and 2 ,3-dihydrofuran by the modified pro- 


cedure of Eliel and coworkers as described above for the preparation 
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of 2-phenoxytetrahydrofuran. 


2-(2 ,6-Dichlorophenoxy)tetrahydrofuran was obtained as a colorless 


2 
liquid in a 54% yield. B.p. 100-102 C at 0.8 mm; ne 


anal. iGalcou. for C1 9H] 90201): CSS os Te. 37 oe eee ae Ze 


1.5469. 


Jecurdr UiGa: Slee St bred, 72:2 ChusOghs, 
Ine Wieby-spectrumeimn CCl, was consistent with the 
proposed structure showing a broad multiplet between 72.5 and 
emo oi)eaimulliplet centered at; 714..°03.(1H)}.abroad multiplet 
between 75.4 and 6.3 (2H) and a broad multiplet between 77.5 


and 8.3 (4H). 


2-(2 ,6-Dimethylphenoxy)tetrahydrofuran was obtained as a color- 


Oo 
less liquid in 75% yield. B.p. 95-96 C at 1.0 mm; Ba 1.5160. 


iAwate (Calcd. for Cy 2H) 60>: Gee TE Se Ne ep aid w Reta Went ho an 
Manica sonG, 7 o.ilges TH ,-O. 708 
A Mein. to Dect UN 1n CCl, was consistent with the 
proposed structure showing a singlet at 73.14 (3H), a multiplet 
centered at 74.73 (1H), a broad multiplet between 75.8 and 6.4 
(2H), a singlet at t 7.82 (6H) and a broad multiplet between 77,7 


and 8.3 (4H). 


2-(3 ,5-Dimethylphenoxy)tetrahydrofuran was obtained as a colorless 
oO 25 

liquid in a 54% yield. B.p. 74 Cat0.lmm; n) 51.84. 

Analy Calcd for C1 2Fy 692! CHEARATO FeH Pp BIGH 
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he noma. spectrum, in CCl, was consistent with the 
proposed structure showing a multiplet at 3.4 (3H), a multiplet 
between 15.9 and 6.3 (2H), a singlet at 77.78 (6H) and a multiplet 


between 77.8 and 8.2 (4H). 


2-(4-t-Butylphenoxy)tetrahydrofuran was obtained as a colorless 
ee st yield. Bop, 929C at 0.1 mm; Ba 1.5108. 
pmala Calcd, for C1 4H 902: Cur tosj28 3H. Dal Se 
Pound:,<G, 7646463. H, 8:85; 
The n.m.r. spectrum in CCl, was consistent with the pro- 
posed structure showing a doublet of doublets centered at * 2.86 
and ©3720 (4H), J -=8.5 Hz, a multiplet centered at 74.40 (1H), 


a multiplet between 76.0 and 6.3 (2H), a multiplet between 7 7.9 


and 6.3 (4H) ‘and a singlet at 77.85 (9H). 
D. Synthesis of Miscellaneous Acetals. 


2-Benzyloxytetrahydrofuran was prepared by a modification of the 
procedure of Eliel and coworkers (4). 

Benzyl alcohol (11.0 g, 0.1 mole) and 2 ,3-dihydrofuran 
(7.0 g, 0.1 mole) were stirred into 50 ml of dry tetrahydrofuran 
and to this mixture a trace of p-toluenesulphonic acid was subse- 
quently added. The mixture was heated at 50°C for 12 h and then 
cooled to room temperature. Solid sodium carbonate (1 g) was 
added and the mixture was then stirred for 15 min. The solid 


was removed by filtration and the filtrate freed of tetrahydrofuran. 
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The residue was distilled and gave a colorless liquid (7.2 g, 80%). 


B.p. 114°C at 7mm; n& 1.5120. Lit. bsp. 102°C at 4 mm (4). 


2-t-Butoxytetrahydrofuran was prepared from t-butyl alcohol and 
2,3-dihydrofuran by the modified procedure of Eliel and coworkers 
as previously described for the preparation of 2-benzyloxytetra- 
hydrofuran. 

A colorless liquid was obtained in a 62.5% yield. B.p. 
120°C at 700 mm; n%> 1.4177. Lit. b.p. 36-40°C at 10 mm; 


20 
4 4). 
ny 1.4186 (4) 


2-Ethoxytetrahydrofuran was prepared from 95% ethanol and 2 ,3- 
dihydrofuran by the modified procedure of Eliel and coworkers (4) 
as previously described for the preparation of 2-benzyloxytetra- 
hydrofuran. 
A colorless liquid was obtained in a 66.5% yield. B.p. 
O £0 ; O 
Pro=-1F9) Cat 700 mim; Ny Deeley pets 0. fe Ue meat 


699 mm; ee 1.4105 (5). 


2-(3,5-Dimethylphenoxy)tetrahydropyran was prepared from 3 ,5- 
dimethylphenol and 3 ,4-dihydro-2H-pyran by the modified procedure 
of Eliel and coworkers (4) as previously described for the prepar - 
ation of 2-phenoxytetrahydrofuran. 

A colorless liquid was obtained in a 66% yield. B.p. 85- 


86°C at 0.5 mm; ee pop iaae 
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Anal. Galcda.’ tor Cj} 3H) 02: Cees Ot or | OTe 


dh 3) 302 12 esendk lurch oo gral So dle) oe emilee OL 


3-Hydroxy -2-methoxytetrahydrofuran was prepared by a modification 


of the procedure of Sweet and Brown (82). 

The vinyl ether , 2 ,3-dihydrofuran (15 g, 0.215 mole), was 
added dropwise to a solution of m-chloroperoxybenzoic acid (46 g, 
0.22 mole) in 200 ml of dry methanol which was kept at 5°C in an 
ice bath during the addition. When the addition was complete, the 
solution was allowed to warm to room temperature and stirred for 
12h. The excess methanol was removed and the solid white 
residue taken up in chloroform. The mixture was cooled to nie in 
a refrigerator and the solid was removed by filtration under vacuum 
through a Buchner funnel, The filtrate was washed with a saturated 
aqueous sodium carbonate solution until no further reaction was 
observed. The chloroform layer was dried over magnesium 
sulfate , filtered free of solid and the filtrate freed from chloroform. 


The residue was distilled and gave a clear liquid (18.5 g, 76%). 


B.p. 100-103 C at 30 mm; see 1.4368. Lit. b.p. 68-70°C at 
7mm; no? 1.4421 (82). 


2 ,3-Dimethoxytetrahydrofuran was prepared by the method of Diner 
and coworkers (71) from 3-hydroxy-2-methoxytetrahydrofuran as 
previously described for the preparation of 2-methoxymethy1-3 ,4- 


dihydro-2H-pyran. 
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A colorless liquid was obtained in 91% yield. B.p. g1°C 


2 25 
at 60 mm; ne 1.4200. Lit. bsp. 57°C at 21 mm; ny 1.4201 


(82). 


2-(4-Methylphenoxy)tetrahydrofuran was obtained from U. E. Diner 
(7). 


ee ee to er eetly Reduce! y-Butyrolactones to Tetrahydro- 


Tur anyl Acetals. 


Method 1 


The attempted reduction of Y-butyrolactone using diborane was 


carried out following the procedure of Pettit and Kasturi (58). 
Boron trifluoride ethereate (30.2 g, 0.2 mole) was added 
dropwise to a solution of sodium borohydride (5.7 g, 0.15 mole) 
stirred vigorously in 250 ml of diglyme. Nitrogen gas was blown 
into the flask in order to force the diborane formed during the 
reaction out of the flask. The gas was passed through an auxiliary 
wash bottle containing diethyl ether into a second 500 ml round 
bottom flask which poneaies ¥-butyrolactone (8.6 g, 0.1 mole) 
vigorously stirred in 250 ml of dry ether. When the addition of 
the BF ,-O(C2H-)> was completed, the nitrogen gas was blown 
through the system for an additional 3h. Dry methanol (5 ml) was 
then added gradually to the second reaction flask and the mixture 


was stirred at room temperature for 15 min. The ether was 




















1. 
.- 
' i : YW a 
SSS Rend 3 
oe 
ay a] ses | blag of la orl beats sete Baw vt ie >, ve 
‘ie € me D°re a8 08%. "yam 
(Ose. f Go  ~rm iS ln aw Te -{.c =P! ose. 


i~ a & 


: ae 
Q .4 .U mot beniside 2ow carelosbyiexis U yxoa'edg m dis} 


= Pe 7 


—ae oo 


- 


ee 


. ? 5 a. - _ 
ie bs ref t7 ‘1 2 ] * O70 Js f >! riya i4 —s -_ ups xT yitoexid of 23q matiA - .* 
ss ter too = oo : 4 2 ea ee a : —— - 


— = _we 


5 ad mip wod@n oofee tstoualheryviud-* to no tiscbar Boag 


oid guiwoliot vo belt Roe 


ai = 


hats cay (ale +-0 .9@, 5 -} alge tenis adi oultiet aod. ke 


ny eee = %.' Tx 
fefoet 2f 8. .9 £.¢) ebtibyde tod mavtiee to n obtuloe s 0! * 

- a 3 ; _ ep ote. 

seolid zeweeg nsegotn4 .osarvigid to Ine Oe3 3 tt Ylevorogis : bet ide 

a ” 

- »9f4 goitne bowitel sak trodib ext es “dt ¢ a4 seb to ni 7 rt pe nm 


« 


1stlixvus on doves) bseceq aew aagodt taal ‘adi » 


bnvox In 008 baedsee 6 fot sede fydis nib arintsiags of 


- Pr i My 
(starr (20. 39 OR) ofetestorys suds bouiatnos dotdw 


os 


Bs 
lo motttithe ofY ceaw _ Ty sie vt 6 ira oss: st 


aed =) tonertampi vath, Mm € lanott 
5 : * - ie r 


1} oe agi) Bas, ack sotiones bes aiseesea 


oakcien We pita | 


is 7 > 


enw iy ait 


on 
Sle ie ee 
: eng 


fee 





aS 






ae 


af 
a7) 


ap wibe, 


removed and the residue analyzed on g.l.c.. The only component, 
other than methanol, which was present in the product mixture was 
¥-butyrolactone. It was recovered in a 70% yield (6.0 g) by 


distillation. 


The attempted reduction of yY-butyrolactone with an NaBH,-BF., 
mixture was attempted by a modification of the procedure of Pettit 
andinasturi (58 259). 

¥-Butyrolactore (8.6 g, 0.1 mole) and boron trifluoride 
etherate (13.69, 0.1 mole) were stirred in 200 ml of -dry ether at 
room temperature. To this solution was added sodium borohydride 
(0.95 g, 0.025 mole) in small portions. The solution was then 


stirred at room temperature for 16 h under a nitrogen atmosphere. 


95% ethanol (10 ml) was added dropwise and the solution was stirred 


at room temperature for 10-15 min. The solvent was removed and 
the residue was analyzed by g.l.c.. Only ethanol and y-butyro- 
lactone were found to be present in the product mixture. The 


¥-butyrolactone was recovered by distillation (6.8 g, 80%). 
Since diborane would not reduce the lactone, even during 


an in situ preparation, this procedure was abandoned. 
Method 2 


The attempted reduction of Y-butyrolactone using sodium amalgam 
was carried out using a modification of the procedure of Sperber 


and coworkers (62). 
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Small pieces of sodium metal (9.2 g, 0.4 mole) were added, 
one at atime, to mercury (460 g, 2.3 moles) contained in an 
evaporating dish. A pair of forceps was used in order to completely 
immerse the pieces of sodium metalin the mercury. After the 
addition of the sodium metal was complete, the solid was placed in 
a mortar and broken into small chunks. The solid was stored 
under nitrogen in a sealed flask. 

The sodium amalgam (115 g) was added in small portions 
to the v-butyrolactone (8.6 g, 0.1 mole) stirred vigorously in 100 
ml of dry methanol kept at 5°C in an ice bath. The pH of the 
solution was checked periodically with hydrion paper and maintained 
between pH 3 and 5 by the addition of concentrated hydrochloric acid. 
After the addition of the sodium amalgam was complete, the solution 
was stirred for 2 h at room temperature and then decanted from 
the liberated mercury. The solution was basified by stirring with 
solid sodium carbonate until no further reaction was observed 
(30 min). The solid was removed by filtration and the excess 
methanol was removed by fractional distillation. Only unreacted 


lactone was found (6.5 g, 75%). 
Method 3 


The reduction of ¥Y-valerolactone with LiAlH, was carried out by 
the method of Arth (64). 
Y¥-Valerolactone (100 g, 1.0 mole) was dissolved in 300 ml 


of dry ether and cooled to -10°C in a dry ice-acetone bath. To this 


ae : 41, tm 






















hobbs o19W (elost bio .# £2) {eter iets le as 


m of Bawietaos Testion €.5 . 9 Gd ee a 7 
H = rt a — oe (i ih 
\ eo x eh10 ai. bO@y za'v * 189; ro) Te vig A wal abs HIE ZE 10qs 
7 righ “ae : 
vn 
ti bos it} eso bEloe oA? , #ISTa@rnoD saw — rapibor edt To | mr 
' foe 
(ame o otat notoxd bas 


1s pate Yup tom on) at Later? cere tbo: 4 to asoalg, 9 


pe © 


hb 
a 


bervote anw-Bbiloe ati ~#annds th 


ie et? 
A 12h balso2's ri sani obi 


no itiaey thine GE babies aaw ig oli) a sglearts- imuibos edT a 


fit r Viewot anv bax tita (sion 4.0 ,.8 ). BKontoiasie tyiod 


: Oo. 
sfi %o He oA? ad #oi ma og D € Je Taek logs iigrn Yv 
. rh 


y 


4 Ar 
ie Pea fri] fp t ' bits. = OSE 2 ry 7 S ee AB Aa ¥ Leet LPOs ' aa * | bedooto. baw 
ih cTo! [doe bvVo by “cA - : =) 2 ’ nevitbps wd 19 «i 2 c roe E Hy ane : wt 


mui Tithy any . joler a3 2m \v ft L620 mul tboe orld +0 agisibbs, hd 8 ite 


ior? bainke sb aarti Aca 3* is 12qQit1S2 Mises is a s xo} $m ii a a 
r ‘othungh itr” asin 

djiw anrathie vd heitised eaw cotigior afT eatin he ae F 
Law 7. 4 


a 2, 
5 ats! 


haverpeds: aéw Api DT EVI eh) i ma Cinu otenods#0 da ah 
5 a cs oe 


2Renws ont bite CAR Ta ERE. vd Pe os ark ah oconie f bifes 


: ‘ af A @ as 
ba oS 533 a peur gL “ss adi ia i thre | th _— tioe th ye bevoman ee } br 


<>: a. ie : «(eT sa? 3) uaa oh eew ts 


ah. Wikre 5 ‘> ae pus 

7 o? | a 
; : ; os m 
- er 


id wo S8Prxa>¢enw aie pits 1 Asi w moots sale tilav- 
| ee one 
ve ia 
ui 4 » 
v ; ah i : a : : é 
: ar 2. Ce 


i-> 
feta: 00 at Baus lows ib ew | 


225 


stirred solution was added lithium aluminum hydride (9.5 g, 0.25 
mole) in small portions. When the addition was complete, the 
Solution was stirred at room temperature for 4h.. The ether was 
removed until only one third of the original volume remained. A 
mixture of ice (20 g) and 20 ml of 5M H,SO, was added gradually 
and the mixture was extracted with ether (2x 75 ml). The ether 


extracts were dried over magnesium sulfate, filtered free of the 


solid and the filtrate freed from ether. The residue was distilled 
and gave two main fractions. The first (b.p. 80°C at 10 mm; 
ey 


Np 1.4337) gave a 2 ,4-dinitrophenylhydrazone derivative (m.p. 
122-123°C). These results were in agreement with the constants 
which Arth had found for 4-hydroxyvaleraldehyde (b.p. 83°C at 
13 mm; nn 1.4359; 2,4-d.n.p., m.p. 125-127°C) (64). 
However, the i.r. spectrum showed only a very weak 
hydroxyl absorption between 3500 and 3300 aes and a strong 
carbonyl absorption at 1760 ae . Hence, the product was 
predominantly Y¥-valerolactone (86-90°C ati 4mm (92) ws 


The second fraction proved to be 1 ,4-pentanediol in 17% 


yield (17 oe). Bm. 117°C at 10 mm; ne 1.4468. Litislials 
Ble Oat Ate 7.6 Oormm:; nis 1.4439 (92). 


This procedure was abandoned since most of the reduction 
took place to form the diol and only a very small amount of hydroxy 


aldehyde was found. 
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Method 4 


2-Methyl-2-butene was prepared by the method of Whitmore and 
coworkers (99). 

t-Amyl alcohol (310 g, 3.5 moles) was dissolved in 400 ml 
of 15% sulfuric acid. The resulting mixture was heated to reflux 
and fractionally distilled through a 12 inch Vigreux column. The 
olefin was collected in a dry ice cooled container and dried over 
potassium carbonate and magnesium sulfate. The olefin was 
redistilled from a flask containing a small amount of potassium 
carbonate. A colorless liquid was obtained (200 g, 81.5%). B.p. 


22 
Bree Cir m00 mm: ni 1.3850. Lit. b.p. 39.5°C at 740 mm; 


D 
nZ? 1.3870 (99). 
The attempted reduction of Y-butyrolactone with disiamylborane 
was carried out by the procedure of Brown and Digby (66). 

A solution of 2-methyl-2-butene (46.2 g, 0.66 mole) and 
sodium borohydride (9.5 g, 0.25 mole) in 150 ml of diglyme was 
stirred at 5°C under a “itrogensatmrosphere. =Boron trifluoride 
etherate (47.2 g, 0.33 mole) was added dropwise over a period of 
one half h with continued cooling at aS oa When the addition was 
complete , the solution was stirred for one h at rae ee ¥-Butyrolactone 
(26.4 g, 0.31 mole) was then added dropwise with continued cooling. 
When the addition was complete, the solution was warmed to room 


temperature and stirred for 15h. Acidified methanol (50 ml) was 
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added very carefully and the resulting solution was extracted with 
ether. The ether extracts were dried over magnesium sulfate, 
Diterca tree of solid and the filtrate freed from ether. Analysis 
of the residue by g.l.c. showed that absolutely no acetal had been 
formed. Only *butyrolactone was isolated by distillation (20 g, 
76%). 

Basically the same procedure was followed in a second 
attempt at this type of reduction. Diethyl ether was used as the 
solvent and instead of acidified methanol, 25 ml of a 15% aqueous 
solution of potassium hydroxide was added to decompose the complex. 
A solution of 30% hydrogen peroxide (40 ml) was then added and 
gave a very vigorous reaction. The solution was extracted with 


ether (3 x 50 ml) and the ether extracts were dried over magnesium 


sulfate. The mixture was filtered free of solid and the filtrate 
freed from ether. Primarily Y-butyrolactone was recovered 
(42 B) 70%)‘; 


Basically the same procedure was again followed ina 
third attempt at this type of reaction. In this case, a 1:1 mixture 
of diethyl ether and tetrahydrofuran was used as solvent and 
acidified water (25% sulfuric acid, 50 ml) has added to decompose 
the complex. The resulting mixture was then poured into ether, 
the layers separated and both the ethereal and aqueous layers 
evaporated to dryness on a rotatory evaporator. The water layer 
gave only a solid residue, while the ether layer yielded Y-butyro- 


lactone (10 g, 60%). 
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This procedure was abandoned since no reduction products 


could be isolated. 


Method 5 


The attempted reduction of Y-butyrolactone with AlCl_H was carried 





out by the following procedure. 

Aluminum chloride (10 g, 0.075 mole) was dissolved in 100 
ml of dry ether which had previously been cooled to -20°C ina dry 
ice-acetone bath. To this solution was gradually added, a filtered 
solution of LiAli, (1.05 g, 0.025 mole) dissolved in 150 ml of dry 
ether. When the addition was complete, the solution was warmed 
to room temperature and stirred for 15 min. The solution was then 
added dropwise to a solution of Yr-butyrolactone (8.6 g, 0.1 mole) 
Stirred in lo0imil of ether cooled to 504 in a dry ice-acetone bath. 
The stirring was continued for one h at -60°C and acidified methanol 
(20 ml CH,0OH and 1 ml conc. H,SO,) was added dropwise to 
decompose the complex. The ether solution was allowed to warm 
to room temperature and the ether was decanted from the solid 
residue. The ether solution was dried over magnesium sulfate 
and potassium carbonate, separated from Een colid by filtration 
and the filtrate freed from ether. Analysis of the residue by g.l.c. 
showed mainly Y-butyrolactone and a small amount (5-10%) of the 
high boiling 1 ,4-butanediol. 


Basically the same procedure was followed in a second 
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attempt at this type of reduction. Inthis attempt, the reaction was 
carried out at room temperature. Analysis of the residue on g.l.c. 
showed 82% of the mixture to be Y-butyrolactone and 18% to be 
1 ,4-butanediol. The recovery of materials was 82%. 

- Since the desired hydroxy aldehyde was not produced, this 


procedure was abandoned, 


F. Preparation of Authentic Hydrogenolysis Products. 


ne Synthesis of the 2-Substituted tetrahydrofurans. 


Method 1 (unsuccessful) 


The attempted reduction of Y-butyrolactone to form tetrahydrofuran 
was carried out by the method of Pettit and Kasturi (58). 

A solution of lithium aluminum hydride (1.9 g, 0.05 mole), 
dissolved with stirring in 50 ml of ether, was cooled to 5°C in an 
ice bath while a previously mixed solution of Y¥-butyrolactone (8.6 g, 
0.1 mole) and boron trifluoride etherate (14.2 g, 0.1 mole) dissolved 
in 50 ml of ether was added dropwise. When the addition was 
complete, the resulting solution was stirred for one h at room 
temperature and then heated under reflux for 2h. The solution 
was cooled to room temperature and an aqueous 15% potassium 
hydroxide solution was added dropwise with vigorous stirring until 
no more lithium aluminate precipitated (78). The mixture was 


filtered free of the solid and the ether was removed by careful 
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distillation. Tetrahydrofuran (1.5 g, 20%) was isolated. B.p. 
endesec at 700 mm (lit. b.p. 64-65°C at 760 mm (92) ). However, 
the major product was 1 ,4-butanediol (4.5 g, 50%). 

Hence, this procedure did not proceed in a high enough 


yield to be synthetically useful and it was abandoned. 
Method 2 (successful) 


2-Isopropyltetrahydrofur an 


5-Methyl-1 ,4-hexanediol was prepared by the lithium aluminum 
hydride reduction of Y-isopropyl- ”-butyrolactone. 

A solution of y-isopropyl- 7-butyrolactone (11 g, 0.085 
mole) in 10 ml of dry ether was added dropwise with vigorous 
stirring to a solution of lithium aluminum hydride (2.0 g, 0.053 
mole) in 100 ml of ether which was cooled to BOG in an ice bath 
during the addition. When the addition was complete, the mixture 
was stirred for 2 h at room temperature. An aqueous 15% solution 
of potassium hydroxide was then added until no further lithium 
aluminate precipitated. The suspension was filtered free of solid 
ang cneriaitrate freed from ether. The residue was distilled to 
give a colorless Ligwid:( 7 7 Gre 4nO8 9G)... 80°C at 0. ob yim na 
| EA aie ie ed 
prea oie tor Ol: Gi 65,09; oH, 12.20. 


rOOAN ert 
Found: C, 63.45: H,.12.24. 
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and Kenyon (70). 

The diol, 5-methyl-1 ,4-hexanediol (6.8 g, 0.052 mole), 
was dissolved in 25 ml of 2,6-lutidine and the resulting solution 
was heated with stirring to 100°C. To this solution was added 
dropwise, a solution of p-toluenesulfonyl chloride (9.8 g, 0.052 
mole) dissolved in a minimum amount of 2,6-lutidine. When the 
addition was complete, the solution was maintained with stirring 
at 100°C for one h. The mixture was then distilled and the material 
which boiled between 120-130°C was collected. This distillate 
was redistilled through a 3 inch Vigreux column to give a colorless 
Peas ee Ds 114°C at 700 mm. However, analysis of the product 
by g.l.c. showed that a small amount (10%) of 2 ,6-lutidine remained 
inthe mixture. Hence, purification by preparative g.l.c. was 
required and this was carried out on a butanediol succinate column 
at 150 C (ny dod the 
Bia Calcd, for C7H, 40: Co G2 er el 2 jos 

Poound 6 eG. Bene bl, 12.35. 

whe Ds. % Speclrumoan CCl, was consistent with the 
proposed structure showing a broad mmalhiplet between 76.1 and 6.9 
(3H), abroad multiplet between 77.7 and 8.8 (4H) and a doublet of 
doublets between 78.9 and 9.3 (6H), J = 4.5 Hz. 

G.l.c. showed one symmetrical peak with a retention time 
identical to that for the low boiling product from the hydrogenolysis 


of 5-isopropyl-2-methoxytetrahydrofuran,. 
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2-t-Butyltetrahydr ofuran 


5,5-Dimethyl-1 ,4-hexanediol was prepared by a lithium aluminum 
hydride reduction of methyl § -pivalylpropionate. 

To a stirred solution of lithium aluminum hydride (2.4 g, 
0.063 mole) in 100 ml of ether cooled to 5°C in an ice bath was 
added dropwise, a solution of methyl sg-pivalylpropionate (10 g, 
0.058 mole) in 20 ml of ether. The resulting mixture was stirred 
at room temperature for 2 h and an aqueous 15% solution of potassium 
hydroxide was added dropwise to decompose the complex and 
precipitate the lithium aluminate. The solid precipitate was removed 
by filtration and the filtrate freed from ether. The residue was 
distilled and gave a colorless liquid (8.1 g, 81%). B.p. 82-84° at 

24 


0, l-mm: ny 1.4565. 
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2-t-Butyltetrahydrofuran was prepared by a modification of the 
procedure of Reynolds and Kenyon (70). 

The diol, 5,5-dimethyl-1] ,4-hexanediol (S70 eid. O2Gmole), 
was heated with stirring to 100°C in 20 ml of 2,4,6-collidine. To 
this solution was added a solution of p-toluenesulfonyl chloride 
(6.5 g, 0.034 mole) dissolved in a minimum amount of collidine. 

The solution was stirred for one h at 100°C and then, without 
cooling, it was poured gradually into 100 ml of ether. The pre- 


cipitated solid was separated by filtration and the filtrate ineed 
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from ether. The residue was distilled and gave a mixture of the 
desired product contaminated with a small amount of collidine. 
bate os 125°C at 695mm. The product was purified by preparative 
g.l.c. on a carbowax column at 150°C (ne? 1.4248). 
Rial. Gaicd. Hor CgH) 40: Vee e, oft? Le. 58: 

POU oy tee Dy Pe. Le or. 

The n.m.r. spectrum in CCl, was consistent with the 
proposed structure showing a broad multiplet between 76.2 and 
6.8 (3H), a multiplet between 7T8.0 and 8.5 (4H) and a singlet at 
(1 ped WE 3s 2 

G.l.c. showed one symmetrical peak with a retention time 
identical to that of the major product from the hydrogenolysis of 


5-t-butyl-2-methoxytetr ahydrofuran. 
2-Phenyltetrahydrofuran 


1-Phenyl-1 ,4-butanediol was prepared by the lithium aluminum 
hydride reduction of methyl g-benzoylpropionate as previously 
described for the preparation of 5,5-dimethyl-1 ,4-hexanediol. 


A colorless liquid was obtained in an 84.5% yield. B.p. 


ie 


129-130°C at 0.3mm; nj 1.5405. The liquid solidified on 


standing to give a white solid. M.p. 65-66°C., 
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2-Phenyltetrahydrofuran was prepared by a modification of the 
procedure of Reynolds and Kenyon (70). 

The diol, 1-phenyl-1 ,4-butanediol (5.4 g, 0.034 mole), 
was dissolved with stirring in 25 ml of lutidine and heated to 100°C. 
A solution of p-toluenesulfonyl chloride (5.8 g, 0.034 mole) dissolved 
in a minimum of lutidine was added dropwise with continued heating. 
The solution was stirred at 100°C for one h and it was then poured 
gradually into 100 ml of ether. The solid was separated by filtration 
and the filtrate freed from ether. The residue was distilled. 
Excess lutidine distilled as the first fraction and the desired product 
mistiMedasitheéisecond fraction in B.p. 80°C at 3mm. The color- 


less liquid was further purified by preparative g.l.c. ints 


1 45295) 
on an Apiezon T column. 
Anal, Calcd. for C1 9H) 20: Gre814042 or Hy 38. 1.6: 

Found: CG, 28009 Qrrekler821 0% 

Lhemngm evespectrum in CCl, was consistent with the 
proposed structure showing a singlet at 72.80 (5H), a triplet 
centerediat ‘T. 222(1H), aimultiplet between «7 5.9 and..6. 3, (2H) 
and a multiplet between 77.8 and 8.4 (4H). 

G.l.c. showed one symmetrical peak with a retention time 


identical to that of the low boiling product from the hydrogenolysis 


of 2-methoxy-5-phenyltetrahydrofuran. 
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2. Synthesis of the endo cleavage products from the 5-substituted- 











2-alkoxytetrahydrofuran. 
Method 1 (successful) 


6-Methoxy-2-methyl-3-hexanol was prepared from 5-methyl-1 ,4- 
hexanediol by a modification of the procedure of Diner and coworkers 
GZ1,)3 

The diol, 5-methyl-1 ,4-hexanediol (2.5 g, 0.019 mole 
was mixed with methyl iodide (5.4 g, 0.038 mole) in 50 ml of dry 
DME (1 ,2-dimethoxyethane, distilled from LiAlH)). A suspension 
of 60% sodium hydride in paraffin (0.76 g, 0.019 mole) was washed 
in pentane and dried under nitrogen. The residual solid was then 
added with vigorous stirring in small portions to the solution of 
diol and methyl iodide. When the addition was complete, the 
resulting solution was stirred at room temperature for 2h. The 
DME was then removed and the residue was taken up in ether. The 
solid was removed by filtration and the filtrate freed from solvent. 
The residue was distilled and gave a colorless liquid (no yield was 


determined). B.p. 58°C atl mm; n 1,4343, 


D 
Anal. Calcd. for CoH) 20>: Cerone seas be 36. 
Found: Crab oe Glee stl) On Ae 3 

G.l.c. analysis showed a single component with a retention 


time which was identical to that of the high boiling product from the 


hydrogenolysis of 5-isopropyl-2-methoxytetrahydrofuran. 
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ahenvine f. spectrin? in cbecl, was consistent with the 
proposed structure, showing an overlapping multiplet and singlet 
between 76.4 and 6.9 (6H), a multiplet at 77.3 (1H), exchangeable 
with DO , a broad multiplet between 77.8 and 8.6 (5H) anda 
doublet centered at 79.12 (6h DY=oy0 H2es? pThée wim.t P spectrum 
in DMso-d° showed that the multiplet originally at 77.3 in CCl, 
had been shifted downfield to a clear doublet centered at 75.86 (1H), 
eee eS TT 7, , 

The i.r. spectrum (neat) showed an absorption band between 


3600 cm7! and 3100 sew (O-H stretch) and a broad abosrption 


E 
-band between 1150 cm7! and 1050 cm (C-O stretch). 


The methylation of 1 ,4-pentanediol was carried out by a modification 
of the method of Diner and coworkers (71) as previously described 
for the methylation of 5-methyl-1 ,4-hexanediol. 

G.l.c. analysis of the product after distillation (b.p. 75 C 
ano Inn} ae 1.4236) showed two peaks in the approximate ratio 
of 5:2. This indicated that both possible methylation products were 
formed, Lit. b.p. 65°C at 20 mm; nO 1.4220 (5) for 5-methoxy - 


2-pentanol. 


2 ,2-Dimethyl-6-methoxy-3-hexanol was prepared from 5 ,5-dimethyl- 
1] ,4-hexanediol by the modified procedure of Diner and coworkers 
(71) as previously described for the methylation of 5-methyl-1 ,4- 


hexanediol., 
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A colorless liquid was obtained in a 61% yield. B.p. 82- 


83°C at 6 mm; nos 1.4350. 
Lee d. 3 H : : ‘ us ; 
Anal] alcd?for Cg 2002 Cert 5. wr T:, le 58 


Found: GDI ale teri ol 27692 

G.l.c. showed a single symmetrical peak with a retention 
time which was identical to that of the trace amounts of high boiling 
product from the hydrogenolysis of 5-t -butyl-2-methoxytetrahydro- 
furan. 

Themynave. ispectrunyin a was consistent with the 
proposed structure showing a multiplet and overlapping singlet 
between 76.3 and 6.9 (6H), a doublet at 77.45 (1H), exchangeable 
in DO , a broad multiplet between 7 8.1 and 8.6 (4H) and a singlet 
at ad 9208A9H). 

The i.r. spectrum (neat) showed a broadabsorption band 


between 3600 cm7! and 3100 durin} (O-H stretch) and a broad 


absorption band between 1150 Che Saar 20acniFe (C-O stretch). 


The methylation of 1-phenyl-1 ,4-butanediol was attempted by the 
modified procedure of Diner and coworkers (71) as previously 
described for the methylation of 5-methyl-1 ,4-hexanediol. 
G.l.c. analysis of the product mixture showed at least 
fourneontponents<to'beipresent. The n.m.r. spectrum in eel: 
also indicated a bad mixture of products. There appeared to be 
both of the monomethylation products as well as some dimethyl- 


ation product and some starting material present in the mixture. 
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Hence , this procedure was abandoned without definitely determining 


the! istructuretof the products. 
Method 2 (unsuccessful) 


The attempted preparation of the ethylene glycol ketal of methyl 
§-benzoylpropionate was carried out by the method of pinaee and 
Smithe( ts); 

The keto-ester , methyl p#-benzoylpropionate (8.8 g, 0.046 
mole), and ethylene glycol (3.2 g, 0.046 mole) were mixed in a 
benzene solution and a trace of p-toluenesulfonic acid was added. 
A Dean-Stark water trap was attached to the flask and the solution 
was heated under reflux for 48 h. No water was collected in the 
trap during this period. The solution was cooled to room temper - 
ature and solid sodium carbonate (1 g) was added. The resulting 
mixture was stirred at room temperature for one h and the solid 
was separated by filtration. The filtrate was freed from the 
benzene and the residue was immediately subjected to i.r. analysis. 
The spectrum was identical to that of the starting keto-ester. 

Hence, the proposed reaction sequence mentioned in the 


Results and Discussion was abandoned, 


Method 3 (unsuccessful) 


The sodium salt of 4-hydroxybutyric acid was prepared by the 
method of Marvel and Birkhimer (74). 
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The lactone, Y-butyrolactone (16.3 g, 0.2 mole), was 
refluxed for 3 hin 30 ml of water containing potassium hydroxide 
(12 g, 0.2 mole). The water was removed on a rotatory evaporator 
leaving the solid sodium salt. This solid was simply dried under 


vacuum for 6h for purification. An analysis was not attempted. 


EL LED A A 


attempted by the method of Diner and coworkers (71). 

The crude sodium salt prepared in the preceeding experi- 
ment (0.2 mole) was stirred into 200 ml of dry DME with methyl 
iodide (60 g, 0.4 mole). A suspension of 60% sodium hydride in 
paraffin (8.0 g, 0.2 mole) was washed in pentane and dried under 
nitrogen. The solid was then added in small protions to the 
solution of lactone and methyl iodide. The solution was maintained 
at 5°C in an ice bath during the addition. When the addition was 
complete , the solution was stirred at room temperature for 3h. 
Dry hydrogen chloride gas (10 g) dissolved in 50 ml of dry methanol 
was then added with stirring. The resulting solution was stirred 
for one h at room temperature and solid sodium carbonate (10 g) 
was added in portions. When the addition was complete, the 
mixture was stirred for 15 min and the solid was removed by 
filtration. The filtrate was freed from solvent and the residue was 
taken up in ether. The solid was separated by filtration and the 
filtz atecfineed: from) ether. 


G.l.c. analysis of the residue showed no identifiable 
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products among the several component peaks. None of the peaks 
were present in major amount and this procedure was therefore 


abandoned. 
Method 4 (successful) 


1-Bromo-2-methoxyethane was prepared by the method of Palomaa 
and Kenetti (75). 

Ethylene glycol monomethyl ether (76 g, 1.0 mole) was 
cooled in an ice bath to 5°C and phosphorous tribromide (100 g, 
0.35 mole) was added dropwise with vigorous stirring. When 
the addition was complete, the solution was stirred at room 
temperature for one hour. Nitrogen gas was bubbled through the 
solution until no more hydrogen bromide was liberated from the 
solution and the liquid was distilled to give emo kal ewieycrelsgiheyen wild Maye 
distillate was then fractionally redistilled to give the colorless 


23 
prcouct:(55_ 9) 39%).). B.p.- 108°C at 695 mm; n 


D pa4455. (No 


data was given by Palomaa and Kenetti (75) ). 


Diethyl (2-methoxyethyl)malonate was prepared by a modification of 


the procedure of Palomaa and Kenetti (75). 

A suspension of 60% sodium hydride in paraffin (16 g, 0.4 
mole) was washed with pentane, dried under nitrogen and suspended 
with stirring in 300 ml of dry DME. To this suspension was added, 
in a dropwise fashion, diethyl malonate (64 g, 0.4 mole). When the 


addition was complete, the solution was heated under reflux for one 
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hour and 1-bromo-2-methoxyethane (55 g, 0.4 mole) was added 
dropwise with continued heating. When the addition was complete; 
the solution was refluxed for two hours and the DME removed on 

a rotatory evaporator. The residue was taken up in ether and the 
solid removed by filtration. The filtrate was freed from ether 
and the residue was distilled to give a colorless liquid (36 g, 45%). 


22 
Derm GersGnm ny 104238, Lit. b.p» 110°C abe mm (75). 


4-Methoxybutyric acid was prepared by the method of Palomaa and 
Kenetti (75). 

The malonate ester (15.5 g, 0.072 mole) was stirred with 
9.0 g of potassium hydroxide in 100 ml of water at room temperature 
for 12 h. The solution was then acidified to pH 2-3 with 50% H,SO, 
and saturated with sodium chloride. The solution was extracted 
with ether (3 x 75 ml) and the ether extracts dried over magnesium 
sulfate. The solid was removed by filtration and the filtrate freed 


from ether. The residue was heated in a distillation apparatus 


under vacuum to give the desired acid as a colorless liquid (6.9 g, 


Oo 
82%). B.p. 93°C at4mm; n& 1.4226. Lit, b.p. 105°C at 
or OL: no L425) ,(75). 


Methyl 4-methoxybutyrate was prepared by refluxing 4-methoxy- 
butyric acid (3 g, 0.025 mole) in 20 ml of dry methanol with a trace 
of p-toluenesulfonic acid for 12 h. Solid sodium carbonate (1 g) 


was added and the resulting mixture was stirred at room temperature 
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for 15 min. The solid was then removed by filtration and the 
filtrate freed from ether. The residue was distilled to give a 
colorless product (1.5 g, 45%). B.p. 100°C at 100 mm; A ce 
tt058 . 

Anal oCated s for C,H Out Gy, S4s52ueH 1.9 ths. 


Lae. 
Found: GH 54 555; Wie, Sion 


4-Methoxy-1-phenyl-1-butanone was prepared from 4-methoxy- 
butyric acid and phenyl lithium, 

Lithium metal (0.32 g, 0.04 mole) was vigorously stirred 
in 100 ml of dry ether which had been flushed with nitrogen gas. 
To this suspension was added dropwise, bromobenzene (3.14 g, 
0.02 mole). When the reaction was complete and no metal remained, 
the Sation was stirred at room temperature for 2 h and 4-methoxy- 
butyric acid (1.2 g, 0.01 mole) in 50 ml of ether was added slowly. 
The solution was then stirred overnight at room temperature. 
Water (10 ml) was added with stirring, the two layers were 
separated and the ether layer was dried over magnesium sulfate. 
The solid was separated by filtration and the filtrate freed from the 
ether. The residue was not purified but was immediately subjected 


to the next reaction. 


4-Methoxy-1-phenyl-1-butanol was prepared by a sodium boro- 
hydride reduction of 4-methoxy-1-phenyl-1-butanone. 
The ketone, 4-methoxy-1-phenyl-1-butanone (0.9 g, 0.051 


mole), was stirred in 30 ml of dry tetrahydrofuran cooled to mi hite 
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in a dry ice-acetone bath. To this solution was added in small 
portions, sodium borohydride (0.10 g, 0.026 mole). When the 
addition was complete, the solution was stirred overnight at room 
temperature and then carefully neutralized with 50% HjSO4. One 
drop of phenolphthalein indicator was added to the solution before 
neutralization and the addition of H,S50, was stopped as soon as 


the color of the solution changed from purple to colorless. The 


excess tetrahydrofuran was removed and the residue was taken up 


in ether. The solid was separated by filtration and the filtrate 
freed from ether. The residue was distilled and gave a colorless 
liquid (0.8 g, 89%). B.p. 94-95°C at 0.1 mm; n@? 1.5150. 


Anal, Calcd. for C1101 69>: rr oe OU ae tl ob 
Found: Cato wa reo, CoN 

PRE sein. Spectrum in CDCl, was consistent with the 
proposed structure showing a singlet at 72.72 (5H), a multiplet 
at 5.4 (1H), an overlapping multiplet and singlet between 76.4 
and 6.8 (5H), a multiplet at 76.9 (1H), exchangeable with D,O 
and a multiplet between 78.0 and 8.5 (4H). 

The i.r. spectrum showed a broad absorption band between 
3600 ofr and 3100 ae and a broad absorption band between 1130 
See rd 000 crn So. 

G.l.c. (Apiezon T column) showed a single symmetrical 


peak with a retention time identical to that of the high boiling product 


from the hydrogenolysis of 2-methoxy-5-phenyltetrahydrofuran. 
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3. Synthesis of 4-benzyloxy-1-butanol. 


4-Benzyloxy-1-butanol was prepared by a modification of the 
procedure-of Diner and coworkers (71). 
A suspension of 60% sodium hydride in paraffin (4.0 g, 
0.1 mole) was washed in pentane and dried under nitrogen. The 
remaining solid was added in small protions with stirring to a 
solution of benzyl chloride (12.6 g, 0.1 mole) and 1 ,4-butanediol 
(9.0 9, 0.1 mole) dissolved in 100 ml of dry DME. | When the 
addition was complete, the mixture was heated under reflux for 
one hour and the DME was removed. The residue was taken up 
in ether, the solid was removed by filtration and the filtrate freed 
from ether. The residue was distilled to give a clear liquid (13.6 
O 20 : oO 
geulO fo) Bip. 105 Cat.0.4:mm; ny, 1.5105, Lit. b.p. 116°C 
rahe 
at 4 mm; = PA5130(4)% 
Anal, Calcd. for C114) 69>: Che OU antigen) 
Found: Gris. oe. CF oe pe. 
G.l.c. analysis showed a single symmetrical peak (on an 
Apiezon L column) for which the retention time was identical to 


that of the high boiling product from hydrogenolysis of 2-benzyloxy- 


tetrahydrofuran. 
4, Synthesis of the 4-Aryloxy-1-butanols. 
Method 1 (unsuccessful) 


The attempted preparation of 4-phenoxy-1]-butanol was carried out 


‘ 
bsi. © ” 
2 = ww 
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by a modification of the procedure of Eliel and coworkers (4). 

A mixture of 4-chloro-1-butanol (4.7 g, 0.043 mole) and 
3 ,4-dihydro-2H-pyran (3.7 g, 0.043 mole) was heated with stirring 
under reflux for 3 hin the presence of a trace of p-toluenesulphonic 
acid. The solution was cooled to room temperature and 75 ml of 
ether was added. Solid sodium bicarbonate (1 g) was added and 
the mixture was stirred for 15 min. The solid was then removed 
by filtration and the filtrate freed from ether. A suspension of 
60% sodium hydride in paraffin (1.72 g, 0.043 mole) was washed in 
pentane, dried under nitrogen and suspended in 50 ml of dry DME. 
To this suspension was added slowly with stirring a solution of 
phenol (4.05 g, 0.043 mole) in 50 m1 DME. When the addition was 
complete , the solution was refluxed for one h. The residue from 
the reaction between dihydropyran and chlorobutanol was dissolved 
in 50 ml of DME and then added dropwise to the sodium phenoxide 
solution with reflux being continued during the addition. When the 
addition was complete, the mixture was heated under reflux for 24h. 
The DME was removed and the residue was stirred at room temper - 
ature for 2 h with 10 ml of 10% sulfuric acid. The solution was 
then saturated with sodium chloride and extracted with ether 
(3x 25ml).. The ether extracts were dried over magnesium sulfate, 
the solid was separated by filtration and the filtrate freed from ether. 
G.l.c. analysis of the residue showed a very bad mixture of products. 


Hence this procedure was abandoned. 
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Method 2 (unsuccessful) 


The attempted preparation of 4-phenoxy-1-butanol was carried out 
as described below. 

A suspension of 60% sodium hydride in paraffin (1.72 g, 
0.043 mole) was washed in pentane, dried under nitrogen and sus- 
pended in 50 ml of dry DME. To this vigorously stirred suspension, 
phenol (4.05 g, 0.043 mole) in 10 ml dry DME was added dropwise. 
The mixture was heated under reflux for one h and with continued 
heating, 4-chloro-1-butanol (4.7 g, 0.043 mole) in 10 ml dry DME 
was added dropwise. The mixture was heated under reflux for 
24h. The DME was removed and the residue taken up in ether. 
Pheseoltd wae removed by filtration and the filtrate freed from ether. 
G.l.c. analysis of the residue showed it to be primarily phenol. 
It was assumed that tetrahydrofuran was also formed during the 
reaction but was lost during the evaporation of the DME. Hence, 


this procedure was abandoned. 
Method 3 (unsuccessful). 


The attempted preparation of 4-benzyloxy-1l1-bromobutane was carried 

out by a modification of the procedure of Palomaa and Kenetti (75). 
The alcohol, 4-benzyloxy-1-butanol (9.0 g, 0.05 mole), 

was cooled to 5°C in an ice bath while phosphorus tribromide 

(4.5 ¢, 0.017 mole) was added dropwise with vigorous stirring. 

When the addition was complete, the solution was allowed to come 


to room temperature; it was taken up in ether and the two layers. 
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were separated. The ether layer was washed with saturated 
aqueous sodium carbonate solution until neutral and then dried 

over magnesium sulfate. The solid was separated by filtration 

and the filtrate freed from ether. The residue was distilled and 
gave only benzyl bromide (b.p. 65°C at 5 mm; nos 1.5556) and 
starting material, Yields were not determined but it was concluded 
that sufficient hydrogen bromide was formed during the reaction 


to cleave the benzyl ether group. 


4-Benzyloxy-1-chlorobutane was prepared by the method of Hooz 
and Gilani (76). 

A solution of 4-benzyloxy-1-butanol (4.5 g, 0.025 mole) 
in 50 ml of carbon tetrachloride was cooled in an ice bath to BAG 
while tri-n-butylphosphine (6.1 g, 0.03 mole) (Carlisle:Chemical 
Works) was added dropwise. The mixture was stirred for 5 min 
at room temperature and the solvent was removed on a rotatory 
evaporator. The residue was distilled and gave a colorless liquid 
(3.4, 68%). B.p. 94°C at 0.5 mm; nee 1.4987. 

The n.m.r. spectrum in CDCl, was consistent with the 
proposed structure showing a singlet at 72.70 (5H). assinolet 


at (5.53 (2H), a multiplet between 76.4 and 6.7 (4H) and a multi- 


plet between 78.0 and 8.5 (4H). 


carried out as described below. 
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The chloroether , 4-benzyloxy-1-chlorobutane (1 g, 0.005 
mole), was added dropwise to a solution of sodium phenoxide 
previously prepared from phenol (0.48 g, 0.005 mole) and 60% 
sodium hydride (0.2 g, 0.005 mole) by the procedure described 
in Method 2, above. When the addition was complete, the solution 
was heated under reflux for 24 h and the DME was evaporated. 

The residue was taken up in ether and the solid removed by 
filtration. ~The filtr ate was ireed from ether and the residue was 
distilled to give a colorless liquid (1.15 g, 90%). B.p. 95°C at 
0.5mm. Then.m.r. spectrum showed this compound to be the 


starting chloride. 


4-Benzyloxy-1-tosyloxybutane was prepared from 4-benzyloxy -1- 
butanol. 

A solution of 4-benzyloxy-1-butanol (4.5 g, 0.025 mole) 
in 20 ml of dry ether and 20 ml of pyridine was stirred vigorously 
while p-toluenesulfonyl chloride was added unvome’ portiony®, Arclear 
solution was formed and when the solution was stirred at room 
temperature for one half h, a white solid started to precipitate. 
The solution as stirred for 24 h and the solid was separated by 
filtration. The filtrate was washed five times with 10% aqueous 
hydrochloric acid and the ether extracts were dried over magnesium 
sulfate. The solid was separated by filtration and the filtrate was 


freed of ether. The oily residue could not be recrystallized and 


distillation was not attempted. 
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The i.r. spectrum (neat) showed no hydroxyl absorption 
between 3600 cm7! and 3100 ols 

The n.m.r. spectrum in CDCl, was consistent showing a 
doublet centered at +2.24 (2H), J = 8 Hz, a multiplet centered at 
pears A) a a Siglet.atuyn>d. 57% (2H)f aymultiplet centeredsat475,.9.5 
(2H), a multiplet centered at 76.60 (2H), a singlet at 77.60 (3H) 


and a multiplet between v8.1 and 8.5 (4H). 


The attempted preparation of 4-benzyloxy-1-phenoxybutane was 
carried out as described below. 

A solution of 4-benzyloxy-1-tosyloxybutane (4.17 g, 0.0125 
mole) in 10 ml of dry DME was added to a solution of sodium 
phenoxide prepared from phenol (1.18 g, 0.0125 mole) and 60% 
sodium hydride (0.5 g, 0.0125 mole) in 50 ml dry DME by the 
procedure described in Method 2, above. The solution was heated 
under reflux for 24 h and the DME was evaporated. The residue 
was taken up in ether, the solid was separated by filtration and the 
filtrate freed from ether. Then.m.r. spectrum of the residue 
showed primarily 4-benzyloxy-1-tosyloxybutane and only a small 
amount (5-10%) of what may have been the desired product. Hence, 


very little reaction took place and the procedure was abandoned. 
Method 4 (successful) 
4-Phenoxy-1-butanol 


1-Bromo-3-phenoxypropane was prepared by a modification of the 
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method of Marvel and Tanenbaum (77). 

A suspension of 60% sodium hydride in paraffin (4.0 g, 0.1 
mole) was washed in pentane, dried under nitrogen and suspended 
in 100 ml of dry DME. To this suspension was added a solution of 
phenol (9.4 g, 0.1 mole) in 30 ml of dry DME. When the addition 
was complete, the solution was refluxed for one hour and cooled 
to room temperature. The solution was then added dropwise to a 
Eoiutron of 1,3-dibromopropane (20.2 9; 0.1 mole) in 100 ml of 
dry DME which was heated under reflux during the addition. When 
the addition was complete, the mixture was heated under reflux for 
an additional 5h. The DME was evaporated, the residue was taken 
up in ether and the solid removed by filtration. The ether was 
removed and the residue distilled to give a colorless liquid (6.5 ¢, 
50 e MB p. 105°C at 5 mm; ne ie Bae a edhe! 55 ll Oy Sie 136-142°C 


ae? OV (77). 


4-Phenoxybutyronitrile was prepared by a modification of the method 
of Marvel and Tanenbaum (77). 

A solution of 1-bromo-3-phenoxypropane (4.3 g, 0.02 mole) 
and sodium cyanide (2.0 g, 0.04 mole) in 10 ml of water and 10 ml 
of 95% ethanol was heated under reflux for 20h. The solution was 
cooled and extracted with ether (4 x 25 ml) and the ether extracts 
were dried over magnesium sulfate. The solid was removed by 
filtration and the filtrate freed of ether. The residue was distilled 


and gave a colorless liquid (2.5 g, 78%). B.p. 93-97°C at 0.08 mm; 
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Ethyl 4-phenoxybutyrate was prepared by a modification of the 
method of Marvel and Tanenbaum (77). 

A solution of 4-phenoxybutyronitrile (1.6 g, 0.01 mole) 
in a mixture of 10 ml of 95% ethanol, 1 ml of concentrated sulfuric 
acid and 2 ml of water was heated under reflux for 48h. The 
solution was cooled to room temperature and extracted with ether 
(oe. 25-1). ~The ether-extracts were dried over magnesium 
sulfate , the solid was separated by filtration and the filtrate was 
freed from ether. The residue was distilled and gave a colorless 
liquid (1.4 g¢, 65%). B.p. 105-107°C at 0.1 mm; fe 1.5016. 


Lit. b.p. 160-165°C at 25mm; ng% 1.491 (77). 


4-Phenoxy-1-butanol was prepared by the reduction of ethyl 4-phen- 
oxybutyrate. 

A solution of ethyl 4-phenoxybutyrate (4.0 g, 0.02 mole) 
in 10 ml of dry ether was added dropwise to a solution of lithium 
aluminum hydride (0.4 g, 0.011 mole) in 20 ml of dry ether. The 
solution was stirred for 2 hours at room temperature and a 15% 
aqueous solution of potassium hydroxide was added until all of the 
lithium aluminate had precipitated. The solution was separated 
by filtration and the filtrate freed from ether. The residue was 
distilled and gave a colorless liquid (1.9 g, at hic) eum a ipig er 100-102°C 
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3 ,5-dimethylphenol and 1 ,3-dibromopropane by the modified 
method of Marvel and Tanenbaum (77) as previously described for 
the preparation of 1-bromo-3-phenoxypropane. 


A colorless liquid was obtained in a 30% yield. B.p. 


22 
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90293) Ceat’ Ooi nim; Ny 1.5343. 


4-(3 ,5-Dimethylphenoxy)butyronitrile was prepared from 1-bromo- 
3-(3 ,5-dimethylphenoxy)propane by the modified method of Marvel 
and Tanenbaum as previously described for the preparation of 
4-phenoxybutyronitrile. 

A colorless liquid was obtained in 60.5% yield. B.p. 
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Ethyl 4-(3 ,5-dimethylphenoxy)butyrate was prepared from 4-(3 ,5- 
dimethylphenoxy)butyronitrile by the modified procedure of Marvel 
and Tanenbaum as previously described for the preparation of ethyl 
4-phenoxybutyrate. 

A colorless liquid was obtained in 51% yield. B.p. 112- 
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4-(3 ,5-Dimethylphenoxy)-1 -butanol was prepared by the ee 

reduction of ethyl 4-(3 ,5-dimethylphenoxy)butyrate by the method 

previously described for the preparation of 4-phenoxy-1-butanol. 
A colorless liquid was obtained in a 72% yield. B.p. 

120-123°C at 0.8mm; f2 1.5205. 
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4-(2 ,6-Dimethylphenoxy) -1-butanol 


1-Bromo-3-(2 ,6-dimethylphenoxy)propane was prepared from 2,6- 
dimethylphenol and 1 ,3-dibromopropane by the modified method of 
Marvel and Tanenbaum (77) as previously described for the prep- 
atation of 1-bromo-3-phenoxypropane. 
A colorless liquid was obtained in 30% yield. B.p. 105- 
Ze. 


106°C at 1.5 mm: Beer aZ IU 


4-(2 ,6-Dimethylphenoxy)butyronitrile was prepared from 1-bromo- 
3-(2 ,6-dimethylphenoxy)propane by the modified method of Marvel 


and Tanenbaum (77) as previously described for the preparation of 
4-phenoxybutyronitrile. 


A colorless liquid was obtained in 79.5% yield. B.p. 
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Ethyl 4-(2 ,6-dimethylphenoxy)butyrate was prepared from 4-(2,6- 


dimethylphenoxy)butyronitrile by the modified method of Marvel 


y ee 
i : 
> 6 f Le 7h 
7 Ce 8 ere 
; her 
















a -_ 4 ; 
- 
-Lxset24 f ners! 
ee a 


dant ef} yd-etadeaieenediteleeane Oe i eo en > 


\tt odi yd bereqetg aw lonsind~t 


if-1l-y xonedgq-b lo noilatags tq oft 10¥ pedisoasb wh 


ie 


-blaty SVs nt bantstdo caw iy pit sic pas i 


2052.1 “ janet 8. -0 tat est 


i) 


BER He jE OTD) 10) gD 0 — ts 


7 


SRR a: ae oe ree mas oh Testis a, 





_ ’ La AD - , A > o 
; 7 = ; PE 
’ , : Cron dud - i L={ wronodgtyd drone : S)- rs 
= — ee area —_ 


4 »* 


us : H . 7 . 
; mott ber4078te 4E' ‘> i ons Vela! ya liernib- 2, S E20 rr 928s: 
mr z i 2- : _ 2 ‘ vipat 
‘tate boltibodrs si yd aceqe' pimosdibn’ » & heb AGES 
“Rees 


S : Lew 
eorve of) to) bedirwiackh yle varesta aa WT ) musdnsasT as rtal 
o ear 7" 1 @i tq- g- emerge fe nok Bt 


“a 
eO1 .q.f ‘bPoiy MOL at bonisitta aw Biupil centsolos A 
wae 
’ bo ss 
0852 JT ~ q" me a a3 













2 WF . 7 
a ; 4 , : Ss _ “Tee ; 
a 7 : “a _ - i ibe ) , 
‘ome t-{ tom bersqgetq asw oLis inna a cxongilg fydtocnte “4 q-0, . 
- < $ v 
ro 
rrr to hor)orrt bottibosg: sft “yd oe eralinsianidghy . onnit 
; ; ; re 
to cuits suge iq aff tot Deditsaeh ¥ eyolvssq en (i 
aw (oe cao 
os i . ‘ *~ _ il 


Yo 

















’ * < se “4 - 
er “ieotia a* 
: . , J _ : ‘ , it pt 
a, 8)-) ea? bosaqay 20m 93 fas ac 
: y an ion : ue ow 
lovast? 29 bovis tit Setiioo sn orl + 


Pn eae ae 
j | ees | Tie we je 


ee ia 








254 


and Tanenbaum (77) as previously described for the preparation of 
ethyl 4-phenoxybutyrate. 
Arcolorless liquid was obtained in 57% yield. © Bup..113- 
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4-(2 ,6-Dimethylphenoxy)-1-butanol was prepared by the LiAlH, 
reduction of ethyl 4-(2 ,6-dimethylphenoxy)butyrate by the method 
described for the preparation of 4-phenoxy-1-butanol. 
A colorless liquid was obtained in 72% yield. B.p. 116- 
118°C at 0.9 mm; noe Phos (ST ae 
Amal. (oalcd. for C1 2H, 902: Ce TA ed ae 
Found: OR ae TO eg as pan has 


4-(2 ,6-Dichlorophenoxy)-1-butanol 


1-Bromo-3-(2,6-dichlorophenoxy)propane was prepared from 2,6- 
dichlorophenol and 1 ,3-dibromopropane by the modified method of 
Marvel and Tanenbaum (77) as previously described for the prepar- 
ation of 1-bromo-3-phenoxypropane. 

A colorless liquid was obtained in 26% yield. B.p. 100- 


103°C at 0.1 mm; ae Pea hol, 


4-(2 ,6-Dichlorophenoxy)butyronitrile was prepared from 1-bromo- 
3-(2 ,6-dichlor ophenoxy)propane by the modified method of Marvel 
and Tanenbaum (77) as previously described for the preparation of 


4-phenoxybutyronitrile. 
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A colorless liquid was obtained in 63.5% yield. B.p. 128- 


130°C at 0.6 mm; ne? 175346, 


Ethyl 4-(2 ,6-dichlorophenoxy)butyrate was prepared from 4-(2 ,6- 
dichlorophenoxy)butyronitrile by the modified method of Marvel 
and Tanenbaum (77) as previously described for the preparation of 
ethyl 4-phenoxybutyrate. 

A colorless liquid was obtained in 52% yield. B.p. 120- 


feat. 3 mm: ne carey. 


4-(2 ,6-Dichlorophenoxy)-1-butanol was prepared by the LiAlH, 


reduction of ethyl 4-(2 ,6-dichlorophenoxy)butyrate by the method 

previously described for the preparation of 4-~phenoxy-1-butanol., 
A colorless liquid was obtained in 51% yield. B.p. 110- 

111°C at 0.07 mm; 22 1.5380. 
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re Byes openly sis of the Tetrahydrofuranyl Acetals. 


1, Reduction using AICIH,. 


The procedure used for the reduction of all tetrahydrofuranyl 
acetals was that described by Diner (7) for the hydrogenolysis of 
the tetrahydropyranyl acetals. The reduction of 2-(2 ,6-dimethyl- 
phenoxy)tetrahydrofuran is described here as an example of the 


procedure. 
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Lithium aluminum hydride (0.30 g, 0.0079 mole) was 
dissolved in 30 ml of dry ether andthe solution was cooled to ame 
in anice bath. Tothis solution was added dropwise an ether 
solution of aluminum chloride, prepared by adding aluminum chloride 
(1.05 g, 0.0079 mole) in small portions to 30 ml of dry ether cooled 
to ca in an ice bath. The resulting ''mixed hydride" solution was 
stirred at room temperature for 15 min and a solution of 2-(2,6- 
dimethylphenoxy)tetrahydrofuran (3 g, 0.0156 mole) was then added 
dropwise. The resulting mixture was then stirred for 2 h at room 
temperature and an aqueous 15% solution of potassium hydroxide 
was added dropwise until no further reaction occurred and a white 
solid precipitated (lithium aluminate). The solid was separated 
by filtration and the ether was removed by distillation. The residue 
(90% recovery) was analyzed by g.l.c.. Only tetrahydrofuran and 
2 ,6-dimethylphenol were found in the mixture and they were identified 
by comparison of the retention times with authentic materials. 

Other acetals were stirred with the reducing species for 
varying lengths of time as noted in Tables 11, 17 and 21. 

In all cases, except for the reduction of 2-isopropoxy -5- 
methyltetrahydrofuran, authentic materials pene prepared for 
comparison with the hydrogenolysis products. In the case of the 


reduction of 2-isopropoxy-5-methyltetrahydrofuran, the 5-isopro- 





poxy-2-pentanol, formed in 93% yield (Table 12), was identified by 
its n.m.r. andi.r. spectra and its elemental analysis. The 


product was isolated from the hydrogenolysis mixture by preparative 
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g.l.c. on a butanediol succinate column. A microboiling point 
was determined and was found to be G2h6)G at 8 mm (ns M4225). 
Anal. Calcd. for CgH) Oo: Grutor Tas xbie: Wet ie! 

Found: Grn Gia Gis Hi) ek2e6 2) 

Then amy. os pectrum “in CDCl, was consistent with the 
proposed structure showing a multiplet between 76.0 and 6.7 (4H), 
a singlet at 6.85 (1H) which was exchanged with D,O f aunwitiplet 
between 78.2 and 8.6 (4H) and a doublet centered at 78.85 (9H), 
niet 9ehig: 

The i.r. spectrum (neat) showed a broad absorption band 
between 3600 cm7! and 3100 Simi (O-H stretch) and a broad 


absorption band between 1200 cm7! and 1000 cm7! (C-O.-stretch).. 
2. Reduction using AlH.. 


The procedure described by Diner (7) was used for the 
reduction of acetals when the reducing species, Fic , was required. 
The reduction of 5 -methoxymethyl-2-methoxytetrahydrofur an is 
described below as an example of the procedure. 

Lithium aluminum hydride (0.195 g, 0.0052 mole) was 
dissolved in 20 ml of dry ether and the paaten was cooled to 5°C 
in an ice bath. A solution of aluminum chloride was prepared by 
the addition of aluminum chloride (0.23 g, 0.0017 mole) in small 
portions to cold ¢59C) ether. The aluminum chloride solution was 
then added dropwise to the cold lithium aluminum hydride solution. 


The resulting ''mixed hydride" solution was stirred at room 
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temperature for 15 min and a solution of 5-methoxymethyl-2- 
methoxytetrahydrofuran (1 g, 0.0069 mole) in 10 ml of dry ether 
was added dropwise. The resulting mixture was stirred at room 
temperature for 20 h and an aqueous 15% solution of potassium 
hydroxide was added until no further reaction was observed and a 
white solid had precipitated. The solid was separated by filtration 
and the ether was removed by distillation. The residue (85% 
recovery) was analyzed by g.l.c. and was found to contain 5%: 2- 
methoxymethyltetrahydrofuran, 10% unreacted 5-methoxymethyl- 
2-methoxytetrahydrofuran and 85% 1 ,5-dimethoxy-2-pentanol. 


The results from other reductions using Ali, are shown in Table 12. 


3. Reductions using A1C1,H. 





The same procedure as that described above for reduction 
with the species AlH3 was used for reduction with AICLH. Only 
the proportion of reactants were different. For example, lithium 
aluminum hydride (0.095 g, 0.0025 mole), aluminum chloride (1-20) 
g, 0.0075 mole) and 2-benzyloxytetrahydrofuran (0.89 g, 0.005 
mole) were mixed by the same procedure as previously described 
for reductions with AlH3. 

G.l.c. analysis of the residue after work-up (90% recovery) 
showed that the mixture was composed of 90. 5% benzyl alcohol and 
9.5% 4-benzyloxy-1l-butanol. The products were identified by 


theirs ge. 1. c. retention times. 
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4. Reductions using a 4:1 molar ratio of AlCl 


H and AlCl, : 


2 








The same procedure as that described above for reductions 
with the species Ali, was used for reductions with a 4:1 molar ratio 
of AlC1,H and AlCl. Only the proportions of reactants were 
different. For example, lithium aluminum hydride (0.095 g, 
0.0025 mole), aluminum chloride (1.3 g, 0.01 mole) and 2-benzyl- 
oxytetrahydrofuran (0.89 g, 0.005 mole) were mixed by the same 
procedure as previously described for reductions with AlH.,. 

G.l.c. analysis of the residue (91% recovery) showed that 
the mixture was composed of 91.3% benzyl alcohol and 8.7% 4- 


benzyloxy-1l-butanol. The products were identified by their g.l.c. 


retention times. 


5. Competitive hydrogenolyses using A1C]H,. 





The competitive hydrogenolyses listed in Table 18 were 
carried out using the general procedure described for reductions 
with AICIH, . However, different proportions of materials were 
used and the general procedure is described below using the case 
of 2-phenoxytetrahydrofuran and 2-ethoxytetrahydrofuran. 

Lithium aluminum hydride (0.05 g, 0.00125 mole) and 
aluminum chloride (0.17 g, 0.00125 mole) were mixed in 40 ml 
of dry ether as previously described for the preparation of AlCIH,. 
The resulting "mixed hydride" solution was stirred at room temper- 


ature for 15 min and a mixture of 2-phenoxytetrahydrofuran (0.82 g, 
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0.005 mole) and 2-ethoxytetrahydrofuran (0.56 g, 0.005 mole) in 

10 ml of dry ether was added dropwise. The solution was stirred 

at room temperature for 2 h and an aqueous 15% solution of potassium 
hydroxide was added dropwise until no further reaction was observed 
and a white solid precipitated. The solid was removed by filtration 
and the ether was removed by filtration and the ether was removed by 
distillation. The residue (95% recovery) was analyzed by g.l.c. 


and gave the results shown in Table 18. 
6. Hydrogenolysis of 2 ,3-dimethoxytetrahydrofuran. 


The reduction of 2 ,3-dimethoxytetrahydrofuran was carried 
out by the general procedure described for reductions using AICIH,. 
G.l.c. analysis of the residue (81% recovery) showed that ring 
cleavage product was the only reduction product in the mixture 
(Table 21). This product was collected by preparative g.l.c. 

A microboiling point was determined as being 102°C at 9 mm; 
ee Wi4295:. 
Aviaia,Galedy for CH) 493: GesbseChareh 2500606 

hotind: diGinsh.0 6? -tiyweh0a22% 


An authentic sample of this reduction product, 3 ,4- 


dimethoxy-1l-butanol, was prepared by the following sequence. 


modification of the method of Salmi (101). 


A solution of 1 ,2,4-butanetriol (21.2 g, 0.2 mole) and 
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3-pentanone (17.2 g, 0.2 mole) in 100 ml of dry benzene which 
contained a trace of p-toluenesulfonic acid was heated under reflux 
in a flask equipped with a Dean-Stark water trap. During the 
course of the reaction, 2.9 ml of water was collected. The solution 
was cooled to room temperature and solid sodium carbonate (1 g) 
was added. The resulting mixture was stirred for 15 min and the 
solid was separated by filtration. The benzene was removed on 

a rotary evaporator and the residue was distilled to give a color- 


Oo 
ents (2486.07). B.p..108-110. Gat 7 mm; ee 1.4446. 


4-(2-Benzyloxyethyl) -2 ,2-diethyl-1 ,3-dioxolane was prepared from 
2 ,2-diethyl-4-(2-hydroxyethyl)-1 ,3-dioxolane , benzyl chloride and 
sodium hydride by the method of Diner and coworkers (71) as 
previously described for the preparation of 2-benzyloxymethyl-3 ,4- 
dihydro-2H-pyran. 


A colorless liquid was obtained in 76% yield. B.p. PLE 


26 


ai.0>.4 mm; ny 1.4893. 


4-Benzyloxy-1 ,2-butanediol was prepared as described below. 

A solution of 2 ,2-diethyl-4-(2-benzyloxyethyl)-1 ,3-dioxolane 
(5.2 g, 0.02 mole) in 30 ml of water containing 2 drops of con- 
centrated hydrochloric acid was heated under Wefits for'24*he i'ne 
solution was cooled to room temperature and solid sodium carbonate 
(1 g) was added. The mixture was stirred for 15 min and then it 
was saturated with sodium chloride. The solution was extracted 


with ether (3 x 50 ml) and the ether extracts were dried over 
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magnesium sulfate. The solid was removed by filtration and the 
filtrate freed from ether. The residue was not further purified 


but it was immediately subjected to the next reaction. 


4-Benzyloxy-1 ,2-dimethoxybutane was prepared from 4-benzyloxy - 
1 ,2-butanediol, two equivalents of methyl iodide and two equivalents 
of sodium hydride by the method of Diner and coworkers (71) as 
previously described for the preparation of 2-methoxymethy1-3 ,4- 
dihydro-2H-pyran. 

A colorless liquid was obtained in 76% yield. B.p. 95-96°C 
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ero eitmin; im 114852. 


D 


3 ,4-Dimethoxy-1]-butanol was prepared from 1 ,4-benzyloxy-1 ,2- 


dimethoxybutane by the method of Nayak and Brown 1.02) 

Liquid ammonia (150 ml) was collected in a 500 ml round 
bottom flask cooled in a dry ice-acetone bath and fitted with a dry 
ice-acetone condenser. A solution of 4-benzyloxy-1 ,2-dimethoxy - 
butane (2.2 g, 0.01 mole) in 10 ml of dry DME was added to the 
ammonia. The dry ice-acetone bath was removed, and small 
pieces of sodium metal were added with vigorous stirring. Each 
subsequent piece was added only as the Reon iie color from the 
previous piece had disappeared. This addition was continued until 
0.48 g (0.02 mole) of sodium metal had been added. Ammonium 
chloride (5 g) was added in one portion to decompose the reaction. 
The dry ice-acetone condenser was then removed and the ammonia 


was allowed to evaporate. The residue was taken up in ether, 
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the solid was removed by filtration and the filtrate freed from ether. 
The residue was distilled and gave a colorless liquid (1 g, 74%). 
Pee 2 93" at 8 mam: re 1.4364, 
frei. Caled, for CoH) 403: Ci ee tl O5.50., 

Found: CGeahor ous meblie LOL 2. 

Ghen.,m.r.-spectrum-in CDCl, and i.r. spectrum (neat) 

were identical with those spectra obtained from the hydrogenolysis 
product. The g.l.c. retention times on a butanediol succinate 


column were identical for the authentic material and the hydrogeno- 


lysis procedure. 


1S Reaction of of sash 2 2- -Aryloxyte oxytetrah ay dr ‘ofurans_ with with AlCl,. 


The general procedure used ce thesreactionoL.all-of.the 
2-aryloxytetrahydrofurans and pyrans with aluminum chloride is 
described below with the reaction of 2-(3 ,5-dimethylphenoxy)tetra- 
hydrofuran being used as an example. 

Aluminum chloride (0.17 g, 0.00125 mole) was dissolved 
in 30 ml of dry ether and to this solution was added 2-(3 ,5-dimethyl- 
phenoxy)tetrahydrofuran (0.96 g, 0.005 mole) with vigorous stirring. 
The solution was stirred at room temperature for 10 min during 
which time the solution turned pale orange. An aquous 15% solution 
of potassium hydroxide was added dropwise (0.25 ml) and the 
solution was then stirred until it hecame clear. The ether was 
decanted from the solid residue and removed by fractional distillation. 


G.l.c. analysis of the residue (0.90 g, 94%) gave the results shown 
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in Table 22. No 2,3-dihydrofuran was found in any case. How- 
ever, a small amount of 3 ,4-dihydro-2H-pyran was found on g.l.c. 
analysis of the reaction mixtures from the 2-aryloxytetrahydro- 


pyrans. 


Isolation of 2-(4,6-dimethyl-2-hydroxyphenyl)tetrahydrofur an. 


The residue (0.9 g) from the reaction of 2-(3 ,5-dimethyl- 
phenoxy)tetrahydrofuran with AIC], was chromatographed on 20 g 
of acid-washed alumina. A 4:1 mixture of Skellysolve B and 
chloroform was used as the eluant and the fractions were collected 
in 75 ml quantities. The first fraction was evaporated and yielded 
no product. The second and third fractions yielded a colorless oil 
which solidified upon sitting. The solid was recrystallized from 
Skellysolve B and gave a white crystalline solid (0.5 g, 55%). 
Manus65-672C) 

Anal, Galed, for C1 2H 69>: Ge TANASE ate FOR ate ce 
Found: Cre c0s sh oelo 

ier. Uist «Spe cer iliif CDCl, is shown in Figure 4 and 
is consistent with the proposed structure. 

The i.r. spectrum (nujol) showed a broad absorption band 
between 3500 cm7? and 3100 cm7! (O-H stretch) and sharp absorption 
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the methylation of 2-(4,6-dimethyl-2-hydr oxyphenyl)tetrahydrofuran 
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by the method of Diner and coworkers (71) as previously described 
for the preparation of 2-methoxymethyl-3 ,4-dihydro-2H-pyran. 


A colorless liquid was obtained but no yield was determined. 


B.p. 98-100°C at 0.3mm; no! 1.5338. 
tAnal. Galcdtor C13H, 20o: Gime de ye ae Partatige ee 


ie Gut eee eo Oe bia Gd 5 
Then im, ros pectr ui 3p CDCl, was consistent with the 
proposed structure showing a singlet at ~3.46 (2H), a multiplet 
centered at 74.7 (1H), a multiplet between 75.8 and 6.3 (2H), a 
Sipglet at 76.25) (31H)... two singlets ats. 77 60.and + 7...75 (6H)and 
a multiplet between 77.8 and 8.1 (4H). 
The i.r. spectrum (neat) showed sharp absorption bands 
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An authentic sample of 2-(4 ,6-dimethyl-2-methoxy phenyl) - 


tetrahydrofuran was prepared by the following reaction sequence. 


3 ,5-Dimethylanisole was prepared from 3 ,5-dimethylphenol by the 
method of Diner and coworkers (71) as previously described for the 
preparation of 2-methoxymethyl-3 ,4-dihydro-2H-pyran. 

A colorless liquid was obtained in 95.5% yield. B.p. 83- 


85°C at 32 mm; neg 1.5080. Lit. b.p. 193°C at 760 mm (106). 


p-(4,6-dimethyl-2-methoxybenzoyl) propionic acid was prepared 
by a modification of the method of Harland and Robertson (1.03). 


A solution of 3 ,5-dimethylanisole (10.5 g, 0.077 mole) 
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and succinic anhydride (7.8 g, 0.077 mole) in 150 ml of nitrobenzene 
was cooled to 5°C in an ice bath. Aluminum chloride C20 Oise te 
mole) was added in small portions. When the addition was complete, 
the flask was stoppered and let sit in a refrigerator at 5°C forgthree 
days. The solution was then poured into 400 g of crushed ice and 
15 ml of concentrated hydrochloric acid with swirling. This 
mixture was extracted with ether (3 x 200 ml) and the extracts were 
freed from ether... The residue was extracted with an aqueous 15% 
solution of sodium carbonate (10 x 75 ml). The combined sodium 
carbonate extracts were carefully acidified with concentrated hydro- 
chloric acid andthe solid which precipitated was collected by filtration 
under vacuum on a Buchner funnel. 

Recrystallization was effected by the following procedure. 
The crude acid was dissolved in chloroform (200 ml) and the solution 
was dried over magnesium sulfate. The solid was separated by 
filtration and the filtrate was evaporated on a rotatory evaporator to 
a volume of 75 ml. Skellysolve B was added until the solution 
became cloudy and the flask was then stoppered and cooled in a 
refrigerator for 18 h while the acid crystallized. The solid acid 
was collected by filtration and dried by passing air through the pale 


oO 
fan solid (i. 0.99. 78%)pecMup, O/7E99CC. 


1-(4,6-Dimethyl-2-methoxyphenyl)-1 ,4-butanediol was prepared by 
a LiAlH, reduction of p-(4,6-dimethyl-2-methoxybenzoyl)propionic 


acid by the method previously described for the preparation of 
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5 ,5-dimethyl-1 ,4-hexanediol. 
The crude oily material (91%) was not purified but was 


immediately subjected to the next step of the reaction sequence. 


2-(4 ,6-Dimethyl-2-methoxyphenyl)tetrahydrofuran was prepared 
from 1-(4 ,6-dimethyl-2-methoxyphenyl)-1 ,4-butanediol by the 
method of Reynolds and Kenyon (70) as previously described for 
the preparation of 2-phenyltetrahydrofuran. 

The material prepared by this method was found to contain 
a small amount (5%) of p-toluenesulfonyl chloride which could not 
be removed by fractional distillation or column chromatography. 
The resulting tetrahydrofuran (4.0 g, 44%) was therefore refluxed 
overnight with an aqueous 15% solution of potassium hydroxide. 
The solution was cooled to room temperature, saturated with 
sodium chloride and extracted with ether (3 x 20 ml). The ether 
extracts were dried over magnesium sulfate, the solid was removed 
by filtration and the filtrate was freed from ether. The residue was 
distilled and gave a pale yellow liquid (3.5 g, 38%). B.p. 100-102°C 
at 0.5mm; ng 1.5375. 
Withee (oalcd ... tor C1 3H) ,9,: Ce re ee ee) 

Found: Os SS peaks eens Gk Par a Ae 
nem. tat we pect oul itt CDCl, and the i.r. spectrum (neat} 


were identical to those of the methylated rearrangement product 


described above. 
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was carried out by the same procedure as previously described for 
the isolation of 2-(4,6-dimethyl-2-hydroxyphenyl)tetrahydrofuran. 
A white crystalline material was obtained. M.p. 87-89°C, 


Anal, (Caled. 2for C1 3H, 20 CAerhsO9fOH , &.380. 


5! 
Found: Cy 54S Oe Hwee. 50% 
ime mranrer sispectr umn CDCl, was consistent with the 
proposed structure showing a singlet at *1.5 (1H) exchangeable in 
DO, two singlets at 23048 and? 355*(2H) a multiplet centered 
at ™5.3 (1H), a multiplet between 76.2 and 6.7 (1H), two singlets 
at «7.81 and 7.85 (6H) and a multiplet between 78.0 and 8.5 (6H). 
The i.r. spectrum (nujol) showed an absorption band at 


Ley a 
3250 cm . (O-H stretch) and sharp absorption bands at 1615 cm > 
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= = aS Eat 
Pee eae anga, 1072/embe 890/ems. and:840 emo. 


The reaction of 2-(2 ,6-dimethylphenoxy)tetrahydrofuran with AlCl, 
was carried out by the procedure described for the reaction of 2- 
(3 ,5-dimethylphenoxy)tetrahydrofuran. 

However, when the residue (1.7 g, 88.5% recovery from 
1.92 g of acetal) was let sit for 15 mina white solid which was 
insoluble in ether was found to precipitate. The residue was there- 
fore taken up in ether and the solid was filtered (1.25 g, 73%). The 
ether was removed and the residue (0.45 g, 27%) was analyzed by 
g.l.c.. It was found to be a 40:60 mixture of 2 ,6-dimethylphenol 


and a rearrangement material (2-(3 ,5-dimethyl-2-hydroxypheny]l) - 
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tetrahydrofuran). 

The white solid (m.p. 213-215 C) was concluded to be 
4 ,4'-dihydroxy-3 ,3',5,5'-tetramethylbiphenyl. It was recrystallized 
from a benzene-acetone solution and the fine needles had a melting 
purtibr 2162217 12%) Bie, Ini }p.8280°E (87): 

Then smy*."spectrunyin DMso-a° was consistent with the 
proposed structure showing a singlet at 73.26 (4H), a multiplet at 
vaniS t2H)> exchangeable’in D0 anc. aestrompisanplet at 77.90 (12H). 

The i.r. spectrum (nujol) showed sharp absorption bands 


] ] ] 


at 3520 cm and 3325 cm © (O-H stretch) and at 1190 


-1 


, 3450 cm 


cm 


4 ,4'-Diacetoxy-3 ,3',5,5' -tetramethylbiphenyl was prepared by the 
method of Auwers and V. Markovits (87). 

A solution of 4 ,4'-dihydroxy -3 a ,5,5'-tetramethylbiphenyl 
(0.5 g, 0.002 mole) in 5 ml of acetic anhydride and 1 ml of acetic acid 
acid with 0.5 g of sodium acetate was heated under reflux for 12h. 
The solution was cooled to room temperature and poured onto 5 g 
of ice. The aqueous solution was extracted with chloroform and 
the extracts were dried over magnesium sulfate. The solid was 
separated by filtration and the filtrate freed from solvent. The 
residue was recrystallized from chloroform-Skellysolve B and gave 


Mercrardstawine solid. Mipai72-173C.. Lit.m.p..175C(87). 
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The methylation of the product mixture from 2-(2,6-dimethylphenoxy) - 
tetrahydrofuran was carried out by the method of Diner and coworkers 
(#1): 

The residue after work-up was distilled and gave 2 ,6- 
dimethylanisole (10%) and 2-(3 ,5-dimethyl-4-methoxyphenyl)tetra- 
hydrofuran (10% yield based on the acetal). B.p. 105°C at 0.5 mm; 
mer Ra Nha ae 
ial eC aica. for C1 3H, 90>: Oey Galea oh seat Seg ar of 

Found: Cee eee bine O67, 2, 

A higher boiling component was found,which would not 
distil even with a bath temperature of 200°C at 0.1 mm. It was 
purified on an alumina column and the n.m.r. spectrum in C DCl, 
showed a singlet at *3.19 (4H), a singlet at 76.39 (6H) anda 


singlet at *7.80 (12H). This was consistent with the structure of 


4 ,4'-dimethoxy -3 ,3' ,5,5'- tetramethylbiphenyl. 


An authentic sample of 2-(3 ,5-dimethyl-4-methoxypheny]) - 


tetrahydrofuran was prepared by the following reaction sequence. 


2,6-Dimethylanisole was prepared from 2 ,6-dimethylphenol by the 
method of Diner and coworkers (71) as previously described for the 
preparation of 2-methoxymethyl-3 ,4-dihydro-2H-pyran. 

A colorless liquid was obtained in 92% yield. B.p. 85°C 


at 27 mm; nes 1.5000, Lit. b.p. 182-183°C at 760 mm (104). 
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the method of Harland and Robertson (103) as previously described 
for the preparation of 6-(4,6-dimethyl-2-methoxybenzoyl)propionic 
acid. 

A white crystalline solid was obtained in 72% yield. M.p. 


PS Lona seal ith prc wk L441 de ical 04) « 


1-(3 ,5-Dimethyl-4-methoxyphenyl)-1 ,4-butanediol was prepared by 


a LiAlH, reduction of £ -(3 ,5-dimethyl-4-methoxybenzoyl)propionic 
wan by the method previously described for the preparation of 5,5- 
dimethyl-1 ,4-hexanediol. 

The crude oily material (90%) was not purified but was 


immediately subjected to the next step of the reaction sequence. 


2-(3 ,5-Dimethyl-4-methoxyphenyl)tetrahydrofuran was prepared 
from 1-(3 ,5-dimethyl-4-methoxypheny]l)-1 ,4-butanediol by the 
modified procedure of Reynolds and Kenyon (70) as previously 
described for the preparation of 2-(4,6-dimethyl-2-methoxypheny]) - 
tetrahydrofuran. 
A pale yellow liquid was obtained (4.0 g, 44%). B.p. 98- 
? ra 
eUCCGeat 0.7 mm; ny 1520) 
ls 2 5 Oe ee © y/Se0et as Seer le 
Peal Galcd, tor C13 18° er Yj | 
Fount Gyetoe (ot. is 8.79. 
The, i, Fr. Sspectnunr in oleae was consistent with the 


proposed structure and identical to that for the material isolated 


from the methylation of the 2-(2 ,6-dimethylphenoxy)tetr ahydrofur an 
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reaction mixture. The spectrum showed a singlet at 73.05 (2H), 

a triplet centered at 5.28 (1H), a multiplet between 75.9 and 6.3 
(2H), a singlet at 76.33.(3H), a singlet at ~-7.74 (6H) and a multi- 
plet between 77.8 and 8.3 (4H). 


The i.r. spectrum (neat) was also identical to that from 


1 


? 


the methylated product showing sharp absorptions at 1220 cm ™ 


] ] 


1140 cm *"** 1060 enise ecPFOLO ome and 865 cm 


The preparation of 2-(4 ,6-dimethyl-2-methoxyphenyl)tetrahydr ofuran 
was attempted by a Friedel-Crafts type reaction using a modification 
of the method of Harland and Robertson (103). 

A solution of 3 ,5-dimethylanisole (1.4 g, 0.01 mole) and 
aluminum chloride (0.13 g, 0.001 mole) in 10 ml of dry ether was 
cooled to 5°C in an ice bath. To this solution was added in a drop- 
wise fashion, 2 ,3-dihydrofuran (1 £0°g }°0:2014 mole)? «'The( solution 
immediately became deep brown. It was stirred for one h and an 
aqueous 15% solution of potassium hydroxide (1 ml) was added. The 
ether was decanted from the solid residue and removed. G.l.c. 
analysis of the residue showed that anisole was the only component 
of the mixture. This indicated that no gated ets ation had occurred. 

In a second attempt, the same procedure was followed 
except that one drop of concentrated sulfuric acid was used as the 
catalyst. The solution was stirred for 48 h at room temperature 
but no condensation product was found upon g.l.c. analysis of the 


residue after work-up. 
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Hence, this method of synthesis was abandoned. 


I, Attempted Preparation of cis-5-Methyl-2-methoxytetrahydrofuran. 








5-Methyl-2-methoxytetrahydrofuran was prepared as a cis and 
trans mixture from Y-valerolactone by the method described in 
mection bb Of the Mxperimentals 


Hien ie opectruniin CGlisishown in Figure 5 and’) as 


4 
discussed in the Results and Discussion, it indicates that the product 
is a 60:40 cis to trans (trans to cis) isomer mixture. No success 


was acheived in attempting to separate these isomers by g.l.c. on 


butanediol succinate, carbowax, apiezon and silicone rubber columns. 


3-Bromo-5-methyl-2-methoxytetrahydrofuran was prepared by a 





modification of the procedure of Sweet and Brown (88). 

A solution of 5-methyl-2-methoxytetrahydrofuran (15.5 g, 
0.13 mole) in 100 ml of carbon tetrachloride was prepared. Solid 
sodium carbonate (25 g) was added and stirred vigorously in suspension. 
The mixture was heated to 50-C and bromine (21.4 g, 0.13 mole) was 
added dropwise. Once the reaction had started, the heating was 
stopped and the bromine was added at a rate sufficient to keep the 
reaction going without any external heating. When the addition was 
complete , the solid was removed by filtration and the filtrate was 
washed with a saturated aqueous sodium carbonate solution (3 x 25 ml). 
The solution was then dried over magnesium sulfate, the solid was 


separated by filtration and the filtrate freed of solvent on a rotatory 
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evaporator. The residue was distilled and gave a clear liquid 
(16.5 g, 63.5%). B.p. 90-91 C at 55 mm; nf itetoe 
Wal; Galeae fon C,H) ,O,Br: GAS bialb LH, dialed ee rs, 40. a9. 


Blounde elGee 6s O8wikle, 5540;2:Brs.41).05% 


5-Methyl-2-methoxy~-2 ,5-dihydrofuran was prepared by the method 
of Baldwin and Brown (89). 

Sodium methoxide (1.7 g, 0.031 mole) was dissolved in 20 
ml of dry dimethyl sulfoxide (DMSO). To this solution was added 
in a dropwise fashion, 3-bromo-5-methyl-2-methoxytetr ahy dr ofuran 
(6 g, 0.031 mole). The temperature of the reaction immediately 
rose as the addition proceeded. When the addition was complete, 
the solution was heated at 50-60°C for 6h and then it was fractionally 


Cea? 63) 


distilled. A fraction which boiled at 112°C at 690 mm (n5 


was collected (2.2 g, 63%). 

ihe 01... spectrum.in Stl was consistent with the 
proposed structure showing a multiplet at 473.9 (1H), a multiplet at 
4,35 (1H), a multiplet between 75.1 and 5.4 (2H), a singlet at 

6.73 (3H) and two doublets centered at 78.74 and 8.78 (3H), J = 

Genii. 

G.l.c. analysis on a butanediol succinate column showed two 
overlapping peaks of nearly equal intensity. This indicated that a 


1:1 mixture of cis and trans isomers was present, 


The isomerization of 5-methyl-2-methoxy-2 ,5-dihydrofuran to give 


a 


5-methyl-2-methoxy-2 ,3-dihydrofuran was attempted by a modification 
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of the method described by Eliel and coworkers (4) for the isomer- 
ization of 2,5-dihydrofuran. 

The unsaturated acetal, 5-methyl-2-methoxy-2 ,5-dihydro- 
furan (5.7 g, 0.05 mole) was added dropwise with stirring to 50 ml 


of dry DMSO in which sodium methoxide (2.7 g, 0.05 mole) had 


previously been dissolved. A reaction immediately took place and, 
oO 
upon distillation, a fraction which boiled at 58-60 C (ng) 1.4072) 


was isolated (3.0 g, 73%). 

Dien mit. spectrum in CDCl, was consistent with the 
structure of 2-methylfuran showing narrow multiplets at *2.72 (1H), 
Powie(siijvand. °4.05 (1H), and’ a singlet at 77.93 (3H). 

The same product was isolated whenthe same procedure 
was carried out using potassium t -butoxide as the base in t-butyl 
alcohol. 


This product was identified as 2-methylfuran. Lit. b.p. 


63-63.5°C at 760 mm (105). 
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